“VOL. XXXVL_ No. 7. | JULY, 1958 


Qa 


[THE g 


STRUCTURAL 
ENGINEER 


THE JOURNAL OF THE 
INSTITUTION OF STRUCTURAL ENGINEERS 


eh 


ae ° 


JUL 21 igs 


Some Structures Involving Unusual Design Problems 


‘a | by Clifford E. Saunders (Delegate Member of Council) 


+ Some Notes on the Use of High Preload Bolts in the United Kingdom 


k . 
- Discussion on the Paper by F. M. Easton (Associate-Member), E. M. Lewis and 


D. T. Wright 


, The Problem of Mechanical Handling in Building Operations 
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FOUR SHILLINGS AND SIXPENCE 


The Structural Engineer 


The reinforcement fabric used in the Massey-Harris 
Ferguson factory at Stretford was supplied by 
Richard Hill. Do you need reinforcements? Then call up 
the Maxweld man! He can give you all the facts 
on the type and quantity of fabric you'll need 
nity a pes idea of the cost. And he’s backed by Es 


Richard Hill Design Service — 


who can then draw up more detailed plans and 
estimates. You can get him at Middlesbrough (2206), 
London (Mayfair 3538), Birmingham (Mid. 5625), 
Manchester (Central 1652), Leeds (2-7540), Bristol (24977), 
Glasgow (Central 2179), Nottingham (Bulwell 27-8383), 
Bournemouth (Westbourne 63491), $90 
Cardiff (46552), Belfast: fee 


Maxweld fabric 


is manufactured by RICHARD HILL. LIMITED (Established 1868) 


Newport V Wire and Rolling. Mills, Middlesbrough, Yorkshire. Tel: Middlesbrough 2206 
ae ‘ A MEMBER OF THE FIRTH CLEVELAND GROUP 
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STEELWORK 


Specialists i in the design, 
production and erection 
of steelwork for any 
type of project 


THOS W. WARD LTD 


ALBION WORKS -: SHEFFIELD 


TELEPHONE: 26311 (22 Lines) © TELEGRAMS: FORWARD, SHEFFIELD 
LONDON OFFICE: BRETTENHAM HOUSE-LANCASTER PLACE-STRAND-W.C.2 
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Steelwork by.....-. 


British Railways, Lincoln. Modernisation of Holmes Yard Goods Depot. Structural Steelwork for 
Perambulation Shed. 

The works ave under the general direction of A. K. Terris, M.I.C.E., Chief Civil Engineer, Eastern Regio 

British Railways, with C. H. Dobbie & Partners as the Consulting Engineers and William Moss & Son 


Lid., as the main Contractors. 


&& COMPANY LIM! ED 


PERSON 


Structural Engineers & Contractors 


Over eighty years accumulated experience in the design, fabrication 


and erection of every type of constructional steelwork, riveted or 
welded. 


Personal attention is assured to all enquiries, and our advisory and 
designing staff is at your service to bring their skill and experience 
to your particular problem. 


Emergency requirements can be promptly executed from stock 
materials. 


Gray’s Inn Chambers, 20 High Holborn, London, W.C.| 


TELEPHONE: HOLBORN 218] (PRIVATE BRANCH EXCHANGE) TELEGRAMS: ALLEGRETTO, HOLB,, LONDON 
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NOT WITH THIS ROOF 


An atmosphere full of moisture and acid-laden soot and 
smoke... that is what causes the rapid deterioration of 
the roofing and cladding of industrial buildings. How to 
deal with this menace is a problem to which, until 
recently, there has been no satisfactory solution. 

Now there is an answer — ‘ Corroplast ’ corrugated 
sheets resist corrosion. Experience has proved that after 
FOR CONTEMPORARY CLADDING TOO many years’ exposure in the most severe conditions, 
* Corroplast ’ sheets do not deteriorate. 

These strong, rigid, laminated plastic sheets are 
economical, too. They last longer than any other sheets, 
need no maintenance, and are free from breakages in 
; transit. 
finishes. For roofing and cladding where corrosion is worst, 
always specify... 


*Corroplast’ is also ideal as side-cladding for 
contemporary buildings, giving a most colourful 
and attractive appearance. Available in three 
integral shades, or in a range of stove-enamelled 


Write or phone to: 
HOLOPLAST LIMITED SALES OFFICE, DEPT. 302, 116 VICTORIA STREET, LONDON, S.W.1. TEL: VICTORIA 9354/7 & 9983 
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made quite sure 


RUSTODIAN 


is the primer for 
galvanized steel 
windows 
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Rustodian has convinced Henry Hope & Sons Ltd., 
that there is nothing like a Calcium Plumbate 
Primer for galvanized metal window frames. 
Hope’s are one of the largest makers of galvanized 
metal window frames in this country. 


TL. 


In their own words, in their own catalogue, they say :— 
“PAINTING. As a priming coat we recommend the use of calcium 
plumbate primer ‘RUSTODIAN’. This paint will adhere firmly to 
a newly galvanized window without any prior etching treatment. 
We deprecate the use of mordant solutions applied to windows ona 
building site. Calcium plumbate primer ‘Rustodian’ forms a good 
base for any good oil paint. 

It is advisable to apply the primer before glazing.” 
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~\\\ The exceptional adhesion and rust inhibiting 


ve, properties of Rustodian are commending it to many 
N 1 / other manufacturers, public authorities and architects 
for all iron and steel and galvanizing. Rustodian is 
manufactured under British Patent No. 574826. 


*: Associated Lead Manufacturers Limited 
ASSOC ! AT ED LEAD is a single Company which specialises in the 


manufacture of Lead Pigments and Lead Paints. 
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CLEMENTS HOUSE, 14 GRESHAM ST., 
LONDON, E.C.2. 


CRESCENT HOUSE, NEWCASTLE, 
LEAD WORKS LANE, CHESTER 


EXPORT ENQUIRIES: ASSOCIATED LEAD MANUFACTURERS EXPORT CO. LTD., CLEMENTS HOUSE, 14 GRESHAM STREET, LONDON E.C.2 


Each section best for its purpose 


Our new Universal Beam Mill will make available a full range of new and 


important beams and column sections, some having broad flanges. 


The new mill makes it possible to produce without changing the rolls— 
complete ‘families’ of related sections such as are advantageous for the 
columns of multi-storey buildings. The illustration shows two of a range 
of such sections; the flange thickness can be altered as shown by adjustment 


of the rolls, while the surfaces shaded in blue remain practically unaltered. 


It is believed that many of the new beams and columns will lead 


to substantial economic and other advantages. 


DORMAN LONG 
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No.7 OF A SERIES SHOWING TECHNICAL DEVELOPMENTS IN CONCRETE CONSTRUCTION 
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Prestressed concrete 
SPILLWAY ARCHES 


CLABRWEN DAM increases strength and 
speeds construction 


Sponsor: City or BIRMINGHAM WATER DEPARTMENT. 


Designers: THE PRESTRESSED CONCRETE Co. LD. 
Lonpon, S.W.1. 


Consulting ¥ 
Engineers; Sir WiLL1AM HALcRow & PARTNERS. 


Contractors: EpmuNp NutTAi Sons & Co. (Lonpon) 
Lip., Lonpon, S.W.1. 


A road is carried across the dam 
by means of the arches shown above. 
The arches are semi-elliptical and 
two-hinged ; most were of 40 ft. 
span by 12 in. thick and these were 
precast in 3 ft. strips while the 
central arch of 60 ft. span by 18 in. 


Ever since prestressed concrete construction was first used in this 
country, designers, architects and civil engineers have specified 
“Wire by Johnsons.” The reason is quality built up on early 
experimental work with those specialist designers who studied 
thick was cast in situ. and worked in the Continental development of this new building 
* Some further details of this project technique. 


and others are published in brochure 


Johnsons have a long record of “ Firsts ” including indented wire 
form. Write for your copy now. . for greater bonding and coils of 8ft. diameter, from which the 
wire pays out straight. 


wire was essential— 


Yolhnsons the choice! 


Richard Johnson & Nephew Ltd., Manchester, 11, Telephone: East 1431 
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ELEVISION CEN 


WOOD LANE, W.12 
Second Stage Development 


DEVELOPMENT OF THE NEW B.B.C. TELEVISION CENTRE IS BEING CARRIED OUT UNDER THE DIRECTION OF 
GRAHAM DAWBARN, ESQ., C.B.E. (NORMAN & DAWBARN), ARCHITECT 
in association with 
M. T. TUDSBERY, ESQ., C.B.E. (THE CONSULTING CIVIL ENGINEER TO THE B.B.C.) 
GENERAL CONTRACTORS — MESSRS. HIGGS & HILL LTD. 


Steelwork Fabricated and Erected by 


AND COMPAN Y 


Head Office bly South Wales Office 


Wood Lane, London, W.12 ial Bute Street, Cardiff 
Tel: SHEpherds Bush 2020 group Tel: Cardiff 28786 


Of comPamits 
——_————7 


Works: Shepherds Bush, London. 
Neasden, Middx. Treorchy, Glam. 
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Butterley congratulate Lincoln 
City Council and the City 
Engineer, A. Adlington, Esq.. 
A.M.1.C.E., M.I.Mun.FE. on the 
opening of the Pelham Bridge 

a notable occasion in the life 
of the city, Butterley are indeed 
pleased to have been so closely 
associated with the construction 
of this most interesting bridge. 


All the steelwork for the bridge 
has been fabricated and erected 
by The Butterley Company Ltd. 
Consulting Engineers for the 
project were Messrs. W, S, 
Atkins and Partners, London. 
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Railway and other bridges 
Constructional steelwork 


Overhead electric cranes 


\\ Wolded fabrications 
\\ ‘Meohanite’ castings 


\\ Mining equipment 
Mine cars and pit tubs 
Railway wagons 
Tri-pedal iron paving 
Sheet metal machinery 
Wrought iron bars, 


Aglite Lightweight aggregate 
High quality bricks 
The word MEEMANITE is a registered rade marke, 


THE BUTTERLEY COMPANY LIMITED * RIPLEY * DERBY * ENGLAND * Tel. RIPLEY 411 (9 lines) 


London Office: 9 UPPER BELGRAVE STREET, S.W.]. 


Tel: SLOANE 8172/3 


B42 


July, 1958 


why pay 


for covering down 


when there’s 


A one coat application of Ritecure is sufficient 
to ensure perfectly controlled curing of 
concrete in either hot or cold climates. 


Simply sprayed on. Ritecure eliminates covering 
down and wetting and results in a first-class 
job at sensibly reduced labour costs. 


N A l For further information write: 
36 Victoria Street, London, S.W.1. Tel: Abbey 4930 & 6157 


MEMBRANE 


CURING LIQUID 


FOR CONCRETE ASSISTANCE 


Stuart B. Dickens provide an ad- 
visory service staffed by practical field 


men qualified to discuss and help with 


specific problems of concrete. The 


service, which is free, includes where 
required the preparation of detailed 


specifications and quantity estimates. 


ST U A RT B : D | C K E N S LT D. Works: Manor Way, Boreham Wood, Herts. 
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GROUND CONDITIONS 


GEOPHYSICAL SURVEYS 


TING 
OUND 


SOILSAMPLING & TES 


REPORTS ON GR 


CONDITIONS 


GROUND EXPLORATIONS L’? 


75 UXBRIDGE ROAD, EALING, W.5 


Phones: EALing 1145/6 and 9251/2 
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SIMPLEX 


CONCRETE PILES LTD 


S.W.| 


Palace Chambers, Bridge Street, Westminster, 


Telephone Nos. TRAfalgar 1167/8/9 
Telegrams: SIMPILESCO WESPHONE LONDON 


Tuly, 1958 i 


For PERMANENT FOUNDATIONS 


LARSSEN :... PILING 


ROLLED EXCLUSIVELY IN THE UNITED KINGDOM BY 


South Durham 


Illustration shows sub-structure for main 
pumping station, West Hull and Haltem- 
price Joint Main Drainage Scheme. Joint 
Engineers: Wm. Morris, O.B.E., M.I.C.E., 
F.R.C.1.S., City Engineer, Kingston upon 
Hull Corporation and R. B. Heseltine, 
A.M.1.C.E., Pe ene ners and 
: Surveyor, Haltemprice rban istrict 
For the construction of cofferdams Council. General Contractors: Messrs. 
Earth and General Contracts Ltd. 

and in structural projects requiring the provision of 
permanent foundations to considerable depths, Larssen Steel 
Sheet Piling enjoys the highest repute. Available 

in a range of nine sections with all standard types of 


corner, junction and box piles. 


SOUTH DURHAM STEEL AND IRON COMPA 


CARGO FLEET IRON WORKS, MIDDLESBROUGH, YORKS. 
Telephone: Middlesbrough 2631 (14 lines). ae 
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DOUGLAS 


have 


taken 


a load off 


my mind! 


TRIAXIAL 
COMPRESSION TEST 


This test accurately measures 
the shear strength of soils 
under known stress’ con- 
ditions. On this information 
can depend the whole found- 
ation design. 
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Foundation problems that can arise after building has commenced—or 
even been completed—can only cause worry, trouble and unnecessary expense 
to the client or contractor. It is, therefore, sound practice and more 


economical to call in The Douglas Foundation Engineering Dept. first. 


The extensive laboratory and field equipment can be used to help solve any 
foundation problem, such as assessment of bearing capacity, the stability 
of slopes and cuttings, the presence of ground water, accelerated 


consolidation of soft clays, etc. 
If you have any problems of this nature or meed advice on 


data already to hand—dial for Douglas, they have put many construction 
plans on to the right footing! 


Rp ci. soe a 


SOIL MECHANICS & FOUNDATION 1 
ENGINEERING DEPARTMENT |! 


ee | 


ROBERT M. DOUGLAS (CONTRACTORS) LIMITED. 395, GEORGE ROAD, ERDINGTON, BIRMINGHAM, 23. 


Telephone ; BIRchfields 5261 (15 lines), sds Bi London . Swansea * Liverpool 


Darlington. 
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Meshing 


When all parts are in mesh 
the job runs sweetly 
and quickly. 
When Banister, Walton are responsible 
for the steel framework 
every activity is in mesh, 
The result—economy 


in time and in cost. 


* The immediate availability of ample 
: = : steel stocks ensures speedy completion. 


MCN 3355 


Generate @ cere eeim ae ty 


Banister, Walton & Co. Ltd - Structural Steel Engineers and Stockholders - MANCHESTER - LONDON - BIRMINGHAM 


CEILINGS: U=0-16 


[ PARTITIONS: U=0-21 a -_WALL-LININGS: U=0-19 | 


offers tremendous 


advantages 
—for only Is. per sq. ft. 


Stramit is a versatile building material which is Thanks to their large size, Stramit slabs are 


offered at remarkably low cost. A two-inch easy and inexpensive to erect. They are doing 
thick, rigid slab of great strength, it has 


exceptional powers of thermal insulation. 


fine service all over the country as roof- 


And it successfully deadens sound. Official decking, wall-linings, ceilings and partitions. 
tests (reports available on request) prove that A special low-density grade is also available 
it resists fire resolutely. for non-load-bearing thermal insulation. 


Stramit is a low-cost, dry-construction material made of scientifically- 

What is compressed straw. It is available in three grades (Roofing, Standard and 

Low-density) and three facings (hardboard, fabric and a special asbestos 

St ramit eH facing which gives a Class | rating for spread of flame). Delivered to site, 
be Stramit costs from as little as |/- per sq. ft. 

STOCK SIZES : 4 ft. wide x 6, 8, 9, 10 and 12 ft. long. SPECIAL SIZES MADE TO ORDER 


FILL THIS IN AND POST IT NOW! Lz ee aay 
PLEASE SEND ME WITHOUT OBLIGATION FULL DETAILS OF 


Stramit slabs for use as roof-decking * wall-linings 
ceilings * partitions ~* thermal insulation* 
*Delete where inapplicable 


sTRAMIT 
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STRAMIT BOARDS LTD: COWLEY PEACHEY, UXBRIDGE, MIDDLESEX - Telephone: West Drayton 3751 


REBUILDING IN 
THE CITY OF LONDON 


These illustrations show a few of the post-war 
buildings in the City of London, built with 


Dorman Long structural steelwork. 


At top: Bucklersbury House 


Architects: O. Campbell-Jones & Sons, F/F.R.1.B.A. 

Consulting Engineers: Wheeler & Jupp, M/M.1.C.E., M/M.1.Str.E. 
Hurst, Peirce & Malcolm, M/M.I.C.E., M/M.1.Str.E. 

Main Contractors: Humphreys Limited. 


Above right: new building for ‘The Financial Times’ 


Architects: Sir Albert Richardson, P.P.R.A. and E. A. S. Houfe, Esq., F.R.1.B.A. 


Consulting Engineer: W. A. Mitchell Esq., M.1.Str.E., M.1.W. 
Contractors: F. G. Minter Ltd. 


At right: new offices for the Bank of England 


Architects: Victor Heal & Smith, F/F.R.I.B.A. 

Consulting Engineers: Hurst, Peirce & Malcolm, M/M.I1.C.E., M/M.1.Str,E. 
Quantity Surveyor: Sydney C. Gordon, Esq. 

Contractors: Holland & Hannen and Cubitts, Ltd. 
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DORMAN LONG (Bridge & Engineering) LTD. 


DORMAN LONG (Steel) LTD. 


BANK OF ENGLAND: NEW BUILDING 
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never far from the Blue Circle 


Dw you know that throughout Britain the Blue 


Circle Group of Companies has 28 cement works and 
21 other manufacturing plants at which are produced 
Snowcem, Lime, Whiting, China Clay, Sand, Ballast, Bricks, etc.? 
That it has 18 provincial offices and a network of 
distribution centres? That the road transport owned by the 
Group includes over 1,000 vehicles for delivery in bag or in 
bulk, and that it operates one of the largest 
fleets of tugs and lighters on the Thames and Medway? 
The Blue Circle Group is the largest cement organization 
in the world. Make use of its many services, profit 
from its great resources. When you want cement 


quickly — get in touch with us. 


BLUE CIRCLE PRODUCTS include BLUE CIRCLE PORTLAND CEMENT + FERROCRETE 
‘417’ CEMENT - SULFACRETE » HYDRACRETE * SNOWCRETE - COLORCRETE » HYDRALIME - SNOWCEM ETC, 


THE CEMENT MARKETING COMPANY LIMITED, 
PORTLAND HOUSE, TOTHILL STREET, LONDON, S.W.I. TELEPHONE: ABBEY 3456, 
G. & T. EARLE LIMITED, HULL. TELEPHONE: HULL 16/21. 


THE SOUTH WALES PORTLAND CEMENT & LIME CO, LTD., PENARTH, GLAM, TELEPHONE: PENARTH 57301/4, 


RIVETEDo WELDED 
STEELWORIK) dS. 


SKINNINGROVE 
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everywhere 


ALGERIA 


\ ARGENTINE 
: AUSTRIA 


BELGIUM 
BELGIAN CONGO 
BRAZIL 

BRITISH E.AFRICA 
BRITISH GUIANA 
BRITISH W, AFRICA 
BRITISH W. INDIES 
CANADA 
CEYLON 
CYPRUS 
DENMARK 
EGYPT 

EIRE 

FINLAND 
FRANCE 
GERMANY 
GREAT BRITAIN 
HOLLAND 

HONG KONG 
INDIA 

IRAQ 

ITALY 

LEBANON 
MALAYA 
MEXICO 
MOZAMBIQUE 
NEW ZEALAND 
NORWAY 
PORTUGAL 
RHODESIA 
SOUTH AFRICA 
SPAIN 

SWEDEN 
SWITZERLAND 
SYRIA 

TURKEY 
URUGUAY 

U.S.A. 
VENEZUELA 


3 ‘ 
At your Service almost \ 


CANADA FREIGHT TERMINAL 


FRANCE CEMENT SILO 


The Largest Piling Organisation in the World 


THE FRANKI COMPRESSED PILE CO. LTD » 39 VICTORIA STREET - LONDON SWI - CABLES: FRANKIPILE SOWEST LONDON 
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Education 


plus 
daylight 
“Melloclad”” Curtain Walling 1 sunshine 
specified by the City Architect, : and 
J. L. Womersley, Esq. WY vitality 
F.R.1.B.A.. M.T.P.I., for the 


Bradway County Primary School, 


re MY MELLOWES & CO. LTD. 


SHEFFIELD : LONDON : OLDHAM |. 
Member of the 4 Metal Window Association. 


Wherever the sign of Howard Farrow 


appears there is work in progress. 


This photograph illustrates the setting of 


steel ribs preparatory to tunnel lining. 


Other work in progress includes sewerage, 
concrete structures, factories, and domestic 


buildings. 


HOWARD FARROW 


A Company Member of 


A tunnel is lined with pre-cast concrele segments and the British Institute of Management. 


gunited to give a finished sewer of 60’ diameter. 


CIVIL ENGINEERING & BUILDING CONTRACTORS 


BANK BUILDINGS, RUSSELL PARADE, GOLDERS GREEN ROAD, LONDON, N.W.11 Telephone MEAdway 3232. 


‘ 
‘ 
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FROM BRITISH OXYGEN - FOR BRITISH INDUSTRY 


Flame cleaned bridge 
—paintwork ; 
still perfect 


after ten years! 


Just how effective Flame Cleaning is in the 
battle against rust has been proved on the 
Spondon Railway Bridge near Derby. This 
bridge was Flame Cleaned and painted in 1944 
—ten years later the paintwork was still in 
perfect condition! Results like this prove the 
effectiveness of Oxy-Acetylene Flame Cleaning 
to reduce corrosion, prolong paint life and cut 

maintenance and replacement costs. Have 
you investigated the long term savings 
possible with British Oxygen 

Flame Cleaning ? Write for 
illustrated literature. 


ritish Oxygen Gases Ltd., Industrial Division, 
encer House, 27 St. James’s Place, London, S.W.7 


BRITISH Ox YGEN 
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Landmarks 


of Today 


Architects and Surveyors, Bradshaw Gass & Hope, FF.R.I.B.A. 


EDWARD 


CONSTRUCTIONAL ENGINEERS 


The new Headquarters building for the Salford 


City Police is a fine example of modern con- Sa ee he 
struction. The strength of the force can be pceeree DS 


compared with the solidity of this building for 
which we fabricated and erected the steelwork to 
the design of Bradshaw Gass & Hope, 
FF.R.LB.A. 


(DAW 
I\ 


Ptah 


Registered Office and Works : Telephone : TRAfford Park 2341 (10 lines) 


OCEAN IRONWORKS - TRAFFORD PARK - MANCHESTER 11 


London Office : 68 Victoria Street, S.W.1. Telephone : VICtoria 1331/2 - Technical Offices at Birmingham and Nottingham 
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EEL FLOORING 
EAL MONEY 


dges 
serrated ‘ated 
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BECAUSE. 
SPECIFICATION 


Flowforge is a Monolithic Open flooring Product of 
EXCLUSIVE FORGE-WELDED CONS 

t is designed to meet British an 
tions, Twisted cr [ 
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SERVICE 


Large Stocks of Standard 29 ft. x3 ft. Panels are held 
ready for IMMEDIATE del 


elivery, Deliver 
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An entirely new lightweight roof construction 
in which Gypsum Concrete is poured into place 
to a depth of 2 in. on bulb tee sections, form- 
board and reinforcing fabric to form an incom- 
bustible roof economical for areas of over 500 


square yards. 


VERSATILE CONSTRUCTION 

The system permits versatile design and can be 
adapted for use whether the supporting structural 
frame is steel or reinforced concrete, or whether 


the roof is flat, low pitched or curved. 


HIGH SPEED CONSTRUCTION 

The Gypsum is pumped into place from an auto- 
matic gauging and pumping equipment sited at 
ground level which enables up to 1000 square 
yards of Gypsum to be poured in one day. The 
set of Gypsum concrete is approx. 15 minutes 
after pouring and the roof will take light roof 


traflic after 1 hour. 


1000 square yards of Pyrodek was specified for 
Maville Works, Nottingham, after it was gutted 
by fire. The building, which was modified from 
pitched to flat roof design, was re-roofed by ten 
men in ten working days including laying steel- 
work and formboard thus assisting in the early 


re-occupation of the building. 


D. ANDERSON & SON LIMITED 


STRETFORD; MANCHESTER 
Telephone: LONgford 4444 
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Trede Mork Purlin. 
WI Bulb tees. 
CY Formboard. 


me 


/ Galvanised reinforcing fabric. 


MY Pyrodek gypsum concrete. 


Built-up roofing. 
Gravel finish. - 


CROROROMORONO) 


FIRE RATING o 


The Department of Scientific and Industrial Research and Fire Offices’ 
Committee Joint Fire Research Organisation subjected ‘Pyrodek’ to a stan- 
dard fire resistance test. An extract from their report reads:— 

“A ‘Pyrodek’ gypsum concrete roof approx. 3 inches thick was subject to 
a fire resistance test in which the soffit was exposed to the heating conditions 
specified in British Standard 476: Part 1. The specimen roof provided a 
barrier to the passage of fire for 2 hours 15 minutes when tested without 
imposed load on its upper surface. No collapse occurred, no cracks and holes 
formed through the specimen and the insulation provided by the deck 
prevented ignition of the bitumen on its top surface. The roof therefore 
provided fire resistance of the 2 hour grade.” 


OLD. .F.ORD,. AON DLO Nee E. 3 
Telephone: AMHerst 2388 
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MUREX [FORTREX 35A] ELECTRODES: 


The only electrode specially designed for 
extra thick plate welding 


The Murex ‘‘Fortrex 35A”’ electrode is the only 
electrode which has been specially designed for 
the welding of the extra thick plate (e.g. 3-4 
inches thick and over) now being used in nuclear 
energy and other industrial applications. This 
electrode gives all the required properties 
throughout the wholesectionof the welded joint; 
the weld metal having particularly good impact 
properties—far above minimum requirements 


Nee 
MUREX 


MUREX WELDING PROCESSES Ltd., Wal 


—at sub zero temperatures. The electrode also 
has all the advantages of the standard “Fortrex 
35” type. It is an all position electrode; it is 
simple to use, slag removal is easy and the radio- 
graphic quality of the weld metal is sound. 


“Fortrev 35.A” electrodes and the technical facilities 
of the Murex organisation are at your service for 
the welding of extra thick plate. 


The world’s finest welding electrodes and equipment 


am Cross, Herts. 
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Barrie Street, 
Paddington . 
Flats for L.C.C. 
Architect's Dept. 
General Contractors 
essts. Wares Ltd. 
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Fatlory XTEMS: 


Comprising Fitting Shop Extension with 
Wiring shop incorporated. Main Fitting Shop 
225ft. long of 70ft. span and measuring 60ft. 
to eaves and 80ft. to apex. Bay fitted with 
heavy crane gantry at high level and two 
‘mono-rail tracks below main gantry level. 


Frontage length of wiring shop 140ft. 


‘** OWEN-TREAD ” STEEL FLOORING 


is employed for the walk-ways in this 
factory extension. This open mesh 
flooring is light in weight, strong and 
designed for maximum light penetra- 
tion, 


‘““OWEN-TREAD ” panels have a 
wide variety of uses in every industry. 
Rubery Owen offers a complete service 
in steel flooring structures incorpor- 
ating stairways, 


RUBERY OWEN & CO. LTD., Metal Equipment Division, 
WHITEGATE FACTORY, WREXHAM, N. WALES. 


a4 


For Messrs. 


THE WELLMAN SMITH OWEN 
ENGINEERING CORPORATION 


DARLASTON, S. STAFFS. 


designed, fabricated and erected 


RUBERY OWEN 


RUBERY OWEN & CO. LTD., STRUCTURAL DIVISION, 
P.O. Box 10, DARLASTON, WEDNESBURY, STAFFS. 
Technical Bureaux ; London, Birmingham, Coventry, Southampton. 

i Member of the Owen Organisation. 
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BOOTH ROAD BRIDGES 


or the nation’s new roads programme 


Two of the main all-welded steel girders for the 
Cuerdale Road Bridge, Preston-by-Pass, being 
transported to site. 

The work is under the supervision of Mr. James 
Drake, B.Sc., M.I.C.E., M.I.Mun.E., County 


Surveyor and Bridgemaster to the Lancashire 
County Council. ‘4 


Savio’ 


iyo FEET 
LONG 


Structural Steelwork for:— 


Factories, Bridges, Power Stations, Garages, each weighing 20 Tons for the Bardsley Bridge. 
Stores, Schools, Steel Fireproof Doors and 

Rolling Shutters, Steel and Glass Partitions, 

Welded Tanks and Pressure Vessels. 


One of two riveted Steel Girders 90ft. Oins. x 6ft. 4ins. 


better built with RBC)YO TH steetwork 


JOHN BOOTH & SONS (BOLTON) LTD., 
HULTON STEELWORKS, BOLTON. Tel.: BOLTON 1195. 
London: 26 Victoria Street, Westminster, SW.1. Tel.: ABBey 7162. 


July, 1958 


and dawn \ 


Concrete in HOURS noe days 


When it’s a question of usable strength at real speed no other type of cement can approach 
CIMENT FONDU. 
Many concreting jobs can be put into use even in a few hours; 24-hours is the maximum 
waiting time. 
CIMENT FONDU is not “quick-setting” and gives ample time for placing; con- 
siderable strength develops after about 6 hours. 

Please ask for leaflet ““Between Dusk and Dawn’ 


MIAN) ie Comonts foe Inalutry 


N [) FOR SPEED - STRENGTH 


RESISTANCE +» REFRACTORINESS 
ALUMINOUS CEMENT 


Manufactured by 


LAFARGE ALUMINOUS CEMENT COMPANY LIMITED 
73, BROOK STREET, LONDON, W.1 Telephone: MAY fair 8546 


AP3/1389 
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chitects for the British Government Pavilion : H ibiti 
ard ViAbeLigaa tol: Revciiks at the Brussels Universal Exhibition 1958 


‘the British Industry Pavilion: 


ward D. Mills & Partners; 
nsulting Engineers for Space Decks Ltd: 
ton, Hennessey & Partners 


were chosen by the architects for the flat roof 
and covered way of the British Government Pavilion and the 
entrance canopy to the British Industries Pavilion. 


SPACE DECKS provide the solution to 


roofing problems in factories, halls, etc., where large, 


economical, spans are necessary. Unobstructed areas of 
50 ft. square are strictly competitive with any other known 
roofing system. Spans of over 100 ft. can be easily achieved at 


very low cost per sq. ft. Many other advantages include 
he basic unit is an inverted 


yramid 4 ft. square at the top and 
ft. 6 in. deep and economical insulation, etc., etc. 


shallow truss depth, ample gantry loading, efficient 


eid SPACE DECKS LTD. Locomotive House, Buckingham Gate, London, SW1 
N Telephone: VICtoria 9955 Cables : SPACEDEKS LONDON SW1 


SPACE DECKS 
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Some Structures Involving Unusual Design 
Problems* 


By Clifford E. Saunders, M.I.Struct.E., A.M.Inst.W. 


Introduction 


It must be true to say that every trade and profession 
offers some advantages and disadvantages to its mem- 
bers, but undoubtedly one of the attractions of struc- 
tural engineering is the immense degree of variety that 
arises in its work and problems. 


Every engineer dreams about the large, square, 
repetitive and straightforward jobs with their hundreds 
or thousands of tons of steel, but it often happens 
that smaller projects involving unusual design problems 
or construction difficulties provide at least as much 
satisfaction to the engineer from the standpoint of his 
professional, if not his financial, interest. It is with a 
few jobs of this type that the author will deal in this 


paper. 


Cable Loading Gantry, Erith, Kent 


The loading structure at Erith, Kent, for transferring 
submarine cable from factory to cable-laying ship was 
specially erected in the first instance for the recently 
completed Transatlantic Cable, and some may have 
seen the gantry featured in news-reels or television 
programmes which from time to time have illustrated 
various phases in the manufacture, loading, and laying 
of the cable. 


As many descriptions of submarine cables in general, 
and the Transatlantic Cable in particular, have been 
published there is little point in describing it in detail 
here, but, briefly, in principle it comprises a copper 
wite with thin strands cf copper tape wound around, 
covered with polythene insulation, then more copper 
tape and sheathing, jute, steel armour wire to withstand 
tension, more jute, and pitch, giving an outside 
diameter of about 1}in. The detailed construction 
of any particular stretch of cable is, of course, dependent 
upon its particular requirements and location; for 
example, near land or in shallow water cable is usually 
more heavily armoured on account of the greater risk 
of damage through movement on the sea bed. 


At intervals throughout the length of cable, and in 
the case of the Transatlantic Cable about every 40 
miles, is a repeater or booster unit containing very 
costly electronic equipment, each repeater being 
purpose-designed and made, and therefore demanding 
the most careful and gentle handling. While the 
cable itself is fairly flexible and can be curved to a 
radius of a few feet, the maintaining of straightness 
was most strictly enforced for a stretch of some 30 feet 
containing each repeater, and the design of the loading 
structure very largely hinged around this requirement. 


* Presented to the Western Counties Branch of the Institution 
of Structural Engineers at a combined meeting with the Institution 
of Civil Engineers on December 7th, 1956, to the South Western 
Counties Branch on 29th November, 1957, and to the Wales and 
Monmouthshire Branch on 19th March, 1958. Western Counties 
Branch Prize-winning paper, 1956-7. 


The cable was made in a factory constructed adjacent 
to the river Thames, and was fed by means of a gantry 
to a tank house where it was stored in large tanks 
(Fig. 1). In the tank house the repeaters were spliced 
into the cable, each repeater linking lengths of cable 
stored in adjacent tanks. 

In the river a’ channel was specially dredged to 
enable H.M.T.S. “ Monarch’, the largest cable-laying 
ship in the world, to approach to within 650 feet of 
the tank house. Three dolphins were constructed in 
the river for mooring the ship. 


The problem was to convey the cable, with repeaters 
already inserted, from the tank house to the ship, 
bearing in mind the following requirements : 


Support for the cable had to be provided at least 
every 6 ft.; 

Sharp curvatures or radii were not permissible on 
account of the repeaters, for which straightness 
was stipulated at any rate until loaded in the ship ; 

Three lines of cable might be required to pass 
simultaneously from the tank house to the ship ; 

The first 175 feet had to pass over a wharf, the 
remaining 460 feet to 610 feet being over water 
(this dimension being dependent upon the position 
cable enters the ship) ; 

Trestles or towers were undesirable on the wharf, 
firstly because of obstruction and secondly because 
of the expense of piling foundations ; 

Only one intermediate tower could be permitted in 
the water on account of obstruction to river traffic 
constantly using adjacent wharves ; 

While the part of the structure over the wharf could 
be permanent, that over the river had to be 
demountable in the interests of river traffic, and a 
minimum clearance of 42 feet above high spring 
tides was stipulated for the span between the 
towers ; 

Maximum tidal range, large and small ships both 
light and laden, and various points of entry into 
the ships, all had to be catered for, the highest 
extreme being the largest ship (H.M.T\S. 
“Monarch ’’) light, at high spring tides, and the 
lowest a small ship, laden, at low spring tides, 
(Fig. 2) ; 

The various points of entry of the cable into the 
ship introduced a plan range embracing an angle 
of 50°, taken from the river tower, i.e., 25° to 
either side of the axis of the gantry. 


In view of the foregoing requirements the structure 
was designed in three spans, viz. : 

A permanent bridge 175 feet long and 38 feet high 
above the wharf, spanning from the tank house to 
a tower at the edge of the wharf and known as 
the wharf tower ; 

A wire rope span of 260 feet spanning from the 
wharf tower to the river tower ; 
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Fig. 2.—Various Conditions of Cable Loading and Tides 
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A second wire rope span varying from 200 feet to 
350 feet spanning from the river tower to the ship 
(the dimension being dependent upon the point 
of entry of cable into the ship). 

The two towers are each supported on a dolphin, 
constructed of steel piles about 80 feet long surmounted 
by a reinforced concrete deck. (The two tower 
dolphins and three mooring dolphins were constructed 
under the supervision of Sir William Halcrow & 
Partners). 


The bridge spans 145 feet on one side and 175 feet 
on the other, and tapers from 11 ft. 6in. wide at the 
wharf tower end to 28 feet wide at the tank house end. 
This irregular plan was necessary to enable cable runs 

‘to be taken from either of the two lines of storage 
tanks without sudden change in line, (Fig. 3). 
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bracing and the panel points of the main girders. The 
longer compression members are generally of cruciform 
section, and the three very long cross braces at the 
wide end of the bridge are of fish-belly type, comprising 
tees top and bottom with flat lattice bars welded on. 
This type was adopted for lightness of appearance 
because the great length (40 feet) necessitated a fair 
depth to reduce deflection, and had the braces been of 
parallel or solid web section they would have appeared 
very heavy in comparison with the booms of the main 
girders. 


Goal-post type frames are fixed across the bridge at 
every six feet throughout its length. Sheaves can be 
attached to the posts of these frames or slung from the 
cross beams at the required positions and levels to 
support the cable as it passes across the bridge, 
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Fig. 3.—Plans of Bridge Top Bracing and Cable Runs 


The main girders are of riveted and welded con- 
struction, the members being riveted together with 
gusset plates, but batten plates and lattice bars being 
welded to the members after riveting up of the girder 
sections. The girders were shop riveted into sections 
36 feet long with a maximum depth of 12 ft. 9 in., and 
the sections were site assembled with turned and fitted 
bolts. The floor is of chequer plate with orthodox 
wind bracing below. 


Achieving a clean and light appearance in the top 
wind bracing presented a problem on account of the 
width and the tapering plan of the bridge, but this 
was overcome by cross bracing five bays in the usual 
manner, then cross bracing two pairs of bays, then 
one set of three bays, lateral ties being inserted in the 
two latter cases between the crossing points of the 


At the tank house end the bridge is supported on 
one side by a trestle in the line of the tank house gable, 
and on the other side by the tower of the existing 
gantry passing cable from factory to tank house (see 
also Fig. 10). This end of the bridge is fixed. 


The trestle serves two purposes—supporting one 
corner of the bridge, and housing at the top a bank of 
three 7-foot diameter sheaves around which cable 
passes en route from the factory to the tank house. 
It comprises two stanchions and bracings, forming a 
vertical lattice girder, shop riveted up in two panels, 
site assembled with turned and fitted bolts, and is 
designed to resist the horizontal forces from wind 
pressure on the bridge and from the passage of cable 
around the sheaves. The trestle is supported on a 
foundation of piles, outside the tank house, and a 
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cantilevering pile cap. At the top the trestle is tied 
laterally to the tank structure inside the tank house. 


The supporting of the other corner of the bridge off 
the stanchion of the existing tower proved rather an 
embarrassment. This tower is supported on piled 
foundations, but while the piles were able to withstand 
the additional load imposed by the bridge main girder 
reaction, the additional load was too great for the 
stanchion, hence it was necessary either to strengthen 
the stanchion or to introduce another new stanchion by 
the side of it. Compounding the stanchion would have 
introduced complications as the tower bracings would 
have required modification, and this would have 
involved their temporary removal which, in turn, 
would have put the tower out of commission—an 
inconvenience that could not be tolerated as cable 
was passing day and night from the factory to the 
tank house. On the other hand, the insertion of 
an extra stanchion close to the existing would have 
introduced eccentric loading on the piles which would 
have overstressed them, and it was desired, as far as 
possible, to avoid driving new piles. 


BRIDGE 


| 


Hesght of Tackeng Botts obove Basrpiote 


Fig. 4.—-Strengthening Stanchion of Original Tower 


The difficulty was overcome by inserting an addi- 
tional stanchion leg, battened to the existing (Fig. 4) 
but raking the new leg to bring the combined load on 
to a modified base, the centre of which practically 
coincided with the centre of the original, hence the 
eccentricity of the load on the piles was reduced to 
negligible proportions. To bring the centreline of the 
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new leg sufficiently close to that of the old stanchion 
it was necessary to remove a tapering section from each 
flange of the old stanchion, but the operation was 
completed without causing interference to the process. © 


The bridge main girder was hoisted into position 
almost immediately, and the only difficulty occurred 
when somebody not acquainted with the matter 
spread a full scale alarm to the effect that we were 
pulling the existing gantry over, and that it had already 
moved several inches out of upright ! 


The other end of the bridge is supported by rocker 
bearings off a box plate girder in the wharf tower. 
These firstly cater for expansion and contraction, and 
secondly ensure that horizontal forces imposed on the 
wharf tower by the first wire rope span are not trans- 
ferred through the bridge to the tank house structure, 
but instead are resisted solely by the wharf tower 
dolphin, which is free to deflect horizontally, inducing 
bending in the piles. 


As mentioned previously the catenary of the wire 
Tope span between the towers was dictated by the 
minimum clearance above high spring tides, while the 
catenary for the span to the ship was governed by 
tidal range and size and state of loading of the ship. 
In addition it was stipulated that the submarine cable 
should not touch river water en route to the ship. 
The most extreme of these conditions resulted in rather 
flat catenaries, which give a maximum calculated 
tension in each wire rope of 33 tons, i.e., 99 tons for 
the three wire ropes, which might be loaded simul- 
taneously. It was for these wire rope tensions, in 
combination with side pull and wind, that the towers 
were designed, although some relaxation to the catenary 
requirements was made subsequently for reasons 
connected with the dolphins. 


The anchorage of the wire ropes to the ships required 
careful consideration, to avoid excessive tension being 
applied through the wire ropes to the river tower in 
the event of movement of the ships from tidal or 
navigational conditions. A length of nylon rope was 
therefore incorporated at the end of the wire ropes 
for the sake of its high elasticity and this was calibrated 
to provide a visual warning against excessive tension. 
The anchorage of wire ropes to the towers will be 
described later. 


Sheaves are suspended at 6 feet centres off the wire 
ropes to support the cable as it passes along. At the 
ends of the wire rope spans adjacent to the towers 
secondary ropes are slung from the main to carry the 
sheaves, in order to maintain a straighter course for 
the cable and to assist in the passage of the repeaters. 


The river tower is about 60 feet high from the top 
of the dolphin x. 20 feet square in plan at the base. 
The most adverse set of loading conditions for its 
design arises from the span on one side having three 
wire ropes fully loaded while those on the other side 
remain unloaded (it being unlikely that the span on 
one side would be loaded while the other side is 
unrigged) and from the side pull when the point of 
entry into the ship is at the maximum angle upstream 
from the axis of the gantry, coupled, of course, with the 
wind forces liable to blow from any direction in this 
position of great exposure. It is constructed of 12 in. 
x 8in. R.S. Joist stanchions and double channel 
bracings, torsion bracing also being incorporated. The 
stanchion bases are of welded construction, each 
stanchion being attached to the dolphin by means of 
four 2$in. diameter holding-down bolts 4 ft. 44 in. 
long, with channel anchors. The sixteen holding-down 
bolts for the tower were set solidly into the dolphin 
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concrete and were positioned by means of a steel jig. 
The gussets connecting the bracings to the stanchions 
were of tee type, fabricated by welding two plates 
together with small stiffener fins. 


At the top of the tower is a horizontal lattice girder 
to which the six wire ropes are attached by means of 
shackles. The members of the lattice girder are 
turned-bolted together. 


Above the working platform there are outriggers on 
both sides of the tower, these supporting tackle used 
during the passage of repeaters. 


The wharf tower is similar to the river tower in its 
main construction, and also measures 20 feet square 
-at the base, but is 50 feet high. The main difference 
is the method of anchoring the wire ropes since a 
means of adjustment to the catenary had to be provided. 
This was achieved by passing the wire ropes over sheaves 
incorporated in the top horizontal lattice girder (see 
also Fig. 8), the ropes continuing down the tower and 
attaching to chains, the links of which connect to 
anchors in a rigging platform at first floor level. 


Another difference between the two towers is that 
the top floor of the wharf tower houses a machine with 
7 foot diameter driving sheaves to assist in pulling 
the cable from the tank house to the ship. 


The laying of submarine cables across the Atlantic 
Ocean is only possible in certain summer months 
when reasonably calm weather can be expected, 
consequently a dead-line date was laid down for the 
commencement of loading cable into the ship, and 
was most strictly enforced, particularly on account of 
the international importance of the project. This 
loading date was actually less than three months after 
functional design requirements were finalized, and the 
only way in which completion in time was possible 
was by fully broken-down detailing in the design 
office of every member and plate, almost every one of 
which throughout the job was different. This method 


Fig. 5.—River Tower, Early Stages of Erection 
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enabled the steelwork contractor to commence fabrica- 
tion five days after the design requirements were 
agreed, to commence erection a week later, and to 
maintain a flow of material to the site. All material 
was despatched piece-small with the exception of the 
shop-riveted panels of the bridge main girders and the 
trestle at the tank house end. 


The river tower was handled first. Fig. 5 shows it 
in course of erection, the method being fairly orthodox 
except that it had to be carried out from a barge. The 
wharf tower was erected next by means of a mobile 
crane on the wharf. Fig. 6 shows the first stages of 
this—the river tower, in a fairly advanced stage, and 
the mooring dolphins, can be seen behind. 


~ 


Fig. 6.—Wharf Tower, Commencement of Erection 


It was intended to erect the bridge by mans of a 
120 foot jib scotch derrick, to support which special 
dolphins were constructed adjacent to the wharf. 
However, the erection plan had to be modified as a 
result of the most disastrous collapse of the derrick 
while undergoing its loading test, fortunately without 
loss of life. It was quite impossible for another crane 
to be obtained and installed in time to suit the pro- 
gramme, so in consequence the bridge main girders 
were erected in sections by means of the mobile crane, 
temporary trestles being utilized for intermediate 
support, (Fig. 7). This illustration also shows the 
original gantry from factory to tank house. 


Fig. 8 illustrates the wharf tower completed and 
rigged ; Fig. 9 is a view taken on the bridge during 
erection of the “ goal-post ’’ frames for the sheaves, 
illustrating in particular the fish-belly latticed members 
of the top wind bracing ; and in Fig. 10, taken under 
the bridge, can be seen the tank house, the trestle 
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Fig. 8.—Wharf Tower, Structure Completed 
and Rigged 


Fig. 10.—View under Bridge, Showing Tank House, 
Trestle and Original Gantry Tower 


Fig. 9.—View Taken on Bridge 
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Fig. 11.—River Tower and 


supporting the bridge, and the original gantry from 
the tank house and its strengthened stanchion. Figs. 
11 and 12 show the gantry working, with H.M.T\S. 
“Monarch” loading Transatlantic Cable, and Fig. 13 
is another picture of the completed installation. 


Notwithstanding the difficult circumstances that 
were encountered the installation was in working order 
on time (although without ladders and handrails, 
etc.), and the “‘ Monarch”’ sailed five days early to 
start laying the cable. 


By courtesy of “ The Times” 


H.M.T.S. ‘‘ Monarch ” Loading 


Cable Loading Structure, Southampton 


Another cable loading structure at Southampton is 
based on similar functional requirements but as the 
site conditions are completely different, the structure 
has little in common with that at Erith. In this case 
the 500 feet which the cable has to traverse between 
the tank house and the ship is entirely over land, but 
the structure crosses nine railway tracks and two roads. 
The main limitations due to site peculiarities were 
observing the requisite clearance between the railway 


By courtesy of ‘‘ The Times” 


Fig. 12.H.M.T.S. “ Monarch” Loading, from the top of the Wharf Tower 
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tracks and stanchions, and a minimum distance of 
60 feet from the edge of the quay to the nearest piles, 
but within these limitations it was possible to adopt 
fairly short spans. 

The design requirements for this installation were : 


Support for the cable had to be provided at least 
every ten feet ; 

Sharp curvatures or radii were not permissible ; 

Four lines of cable might be required to pass simul- 
taneously from the tank house to the ship ; 

While the structure could, in the main, be permanent, 
a short section at the factory end and the 60 feet 
over the wharf had to be demountable ; 

A walking-way was required along the permanent 
structure ; 

Maximum tidal range, variety of ships, and states of 
loading all had to be catered for ; 

The various points of entry of the cable into the ship 
introduced a plan range embracing an angle of 
30°, i.e., 15° to either side of the axis of the gantry. 


In view of the foregoing requirements and site 
conditions the structure was designed in three parts 
(as shown in Fig. 14), namely : 

A permanent bridge 346 feet long in four spans of 
from 70 feet to 100 feet, and 21 feet high above the 
nominal ground level, supported by two towers 
and three trestles ; 

Wire rope spans of 70 feet and 120 feet spanning 
from the tank house to the factory end tower ; 

Another wire rope span of about 100 feet from the 
wharf end tower to the ship. 


By courtesy of ‘‘ The Times” 


Fig. 13.—Installation Viewed from 
H.M.T.S. ‘‘ Monarch ” 
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Fig. 14—General Layout of Installation 


July, 1958 


The two towers and three trestles are supported on 
piles about 40 feet long, surmounted by reinforced 
concrete pile caps. 


The bridge is designed to span continuously over 
the five supports in the interests of economy, but as a 
precaution against any uneven settlement of the 
foundations (although this might be considered unlikely 
with piles) joints with slotted holes are introduced at 
three of the points of contraflexure. 
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The other four supports allow longitudinal movement 
of the bridge—the two trestles are pin-jointed at both 
top and bottom (although they are cross braced in the 
other direction to resist lateral forces), and rockers are 
used at each end for bearing on the towers. 


In view of the longitudinal movement permitted, 
all longitudinal forces from wind and surge are resisted 
by the centre trestle, but each of the trestles and towers 
resist side wind. 
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JOINTS AT MODULAR PANEL POINTS 


Fig. 15.—Continuous Beam Principle of Design 


It was possible, within the limitations of the site, 
to proportion the spans to give very consistent bending 
moments, as can be seen in Fig. 15a, which is based on 
a continuous beam of constant moment of inertia. 
However, in the interests of repetition it was obviously 
necessary to standardise the spacings and panel points 
close to, but not quite coincident with, the true points 
of contraflexure. These positions of the joints slightly 
shortened the cantilevers (by amounts of 6 in., 1 ft. 3 in. 
and 9 in.) but Fig. 15b shows that this actually resulted 
in an even greater uniformity of bending moment. 
These diagrams are based upon uniformly distributed 
superimposed loading, but, of course, the occurrence of 
super load on one span while the next remains unloaded 
causes changes in the positions of contraflexure where 
the girders are not jointed and reversal of stress in some 
members. Fig. 15b illustrates one typical case of this. 


The relatively short spans and the continuous 
principle of design enabled a shallow depth to be 
adopted for the main girders; therefore top wind 
bracing is omitted. The bottom only is braced, and 
the top booms of the main girders are stayed from the 
floor beams. 

To cater for expansion and contraction the bridge 


is fixed only to the centre trestle, which is designed to 
‘cantilever about its base in each direction (Fig. 16). 


The towers are each constructed of four R.S. Joist 
stanchions with bracing and torsion bracing, all similar 
in principle to those for Erith but, of course, very much 
lighter on account of the much reduced height and the 
much smaller spans and tensions of the wire ropes. 
The centre trestle comprises two stanchions and cross- 
bracing. The stanchions are of tapered joist section, 
fabricated from three flats welded together, with large 
gussetted bases the tops of which are sealed to prevent 
them from filling with water. Each of these two 
stanchions have four 24 in. diameter holding-down bolts 
to resist the considerable overturning moment from 
the longitudinal forces acting on the entire structure. 


The main girders of the bridge are of light welded 
construction, factory assembled into panels 30 feet to 
40 feet long. They are constructed of tee top and 
bottom booms, the angle internal members being 
welded directly to the tees with very small gusset 
plates forming an extension to the tee stalk, where 
required. The panels were site assembled with turned 
and fitted bolts. 


The design proved exceedingly economical, the 
weight of steel in the 350 foot bridge, the two towers, 
and three trestles, being only 52 tons 11 cwt. This 
favourable weight is due partly to the continuous 
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Fig. 16.—Provision for Expansion 


(By courtesy of British Transport Commission) 


Fig. 18.—First Section of Bridge in Position] | ' 


(By courtesy of British Tvansport Commission) 


Fig. 17.—First Section of Bridge Assembled on 
Ground and Awaiting Lifting 


principles, partly to the omission of top bracing, and 
partly to the welded construction of the main girder 
panels. 


During erection advantage was taken of the railway 
tracks. The towers and trestles were erected normally, 
the pin-jointed trestles being stayed. After erection 
of the towers and trestles the first 100 feet of bridge, 
i.e., the first span and 20 feet of cantilever, was 
assembled on the ground (Fig. 17), complete with all 
bracings and framing, and lifted onto its supports 
bodily by means of a railway crane (Fig. 18). The 
next 100 feet of bridge was then handled in a similar 
manner, followed by another 100 feet and the final 
50 foot section. Fig. 19 shows the bridge erection 
completed. Fig. 19.—Completed Structure tad 


A 
(By courtesy of British Transport Commission) 
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Foundation Problems 


Every engineer is very conscious of the problems 
and difficulties that are liable to creep into foundation 
design, often very unexpectedly, especially in town 
sites. 


Old drains and culverts, local soft spots from old 
filling, and projecting footings of adjoining property, 
commonly arise and create problems and, of course, 
the inevitable well must coincide with one of the main 
stanchions. 


One project on which site conditions proved particu- 
larly unco-operative was close to a river which had 
been enclosed between thick masonry walls to form a 
culvert, the roof over which forms a main road through 
a town. At first sight the problem did not appear 
very unusual, the structure comprising a normal steel 
frame and reinforced concrete piled foundations. 
Bored piles were selected in order to minimise vibration 
that might have proved detrimental to the adjoining 
properties. It had been carefully ascertained from the 
local authority that the river wall was well clear of the 
site, hence no undue trouble was anticipated, (Fig. 
20a). 


STREEM 


TYPICAL PLAN. 


(a) 
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another masonry wall returned from the river wall 
for several feet against the adjoining property (Fig. 
20b). These circumstances necessitated a complete 
reconsideration of the structural design, but the scope 
of redesigning was severely handicapped by a number 
of practical considerations, viz., 


Firstly, any major change in plan or layout or 
construction of the building was out of the question 
because the majority of the piling was completed ; 

Secondly, the structural steelwork was in hand, 
although fortunately not far advanced, and 
changes affecting material reservations would 
have proved a severe embarrassment to delivery ; 

Thirdly, the river wall could not be cut into or 
disturbed, especially as girders occurred at close 
centres to carry the road, the bearing of the girders 
extending across most of the wall thickness and, 
more particularly, it was felt to be most inadvisable 
to interfere with the wall returning along the side 
of the site in view of the doubtful state of the 
adjoining property and its foundations, if any. 

Finally, as might be expected, the client did not 
want the job to take any longer or cost any more. 


ACTUAL 
POSITION 
OF RIVER 


REVISED DESIGN 


Fig. 20.— Original Structural Layout, Actual Position of River, and Revised Structural Layout 


Piling operations were commenced at the rear of 
the site but unfortunately, after most of the piles had 
been completed, removal of old filling in preparation 
for the piles at the front revealed that the river wall 
had apparently ‘“‘ moved overnight ’’ and encroached 
some 6 feet inside the building line, i.e., 9 feet inside 
the intended extent of the pile caps. Furthermore, 


It was essential that the piles be brought inside 
both the river wall and the side wall, but the canti- 
levering of foundations was impossible on account of 
the extreme limitation in depth available (the beams 
carrying the road being only a few inches below the 
pavement level), hence the only possible course was 
to bring the stanchions into the building, over the pile 
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(b) SECTION THROUGH 
STAIRWELL 


Fig. 21.—Sections Through Cantilevers 


groups, and cantilever the first floor steelwork to the 
front and side (Fig. 20c). The projection of the front 
cantilevers is about 8 feet (Fig. 21a). 


The next difficulty arose from the position of the 
main staircase at the front corner. Placing the 
corner piles and stanchion at the closest possible 
position to the river wall was impracticable because 
the stair well inhibited the use of ties at either the 
first or second floor levels, and such ties were considered 
quite indispensable, especially with a discontinuous 
stanchion. This stanchion therefore had to be taken 
back to the rear of the stairwell, and this resulted in 
cantilevering 13 feet. Even if a cantilever had been 
introduced at each floor level, the cantilever would 
have been rather heavy. In view of the unwieldiness 
of the 13 foot cantilever, also bearing in mind the 
limitations in materials available, it was decided to 
construct trussed cantilevers by inserting raking ties 
to the stanchions (Fig. 21b), the ties being of double 
flat section so that they could be embedded within 
the thickness of the cavity wall inner leaf. The same 
procedure was adopted for the wall foundation beams 
at ground level, the back tie then being anchored to the 
reinforced concrete beam. 


All connections for the raking ties utilized turned 
and fitted bolts, 1g in. diameter. The original inten- 
tion was for the bolts connecting the gussets to the 
stanchion to pass right through, but because of the 
practical difficulty of reaming the holes, separate 
turned bolts were used for each flange, and stiffener 
plates welded between the flanges to resist the tension 
across the stanchion. 


Opening Roof 
In introducing the last of the projects covered by 
this paper the author departs from the usual practice 


of describing jobs which have already been completed, 
and refers to one which has been deferred. He takes 
this course because he feels that the scheme is a 
particularly interesting one, and it concerns the 
erection of a large hall on an existing pier. 


Fig. 22 illustrates the structure as existing. It 
comprises a reinforced concrete pier supported on 
piles, carrying a reinforced concrete cafe building at 
one end, another reinforced concrete building housing 
a stage and bandstand, etc. at the other end, an 
auditorium measuring approximately 130 feet long 
by 124 feet wide occurring between the two, and being 
surrounded by a promenade. The middle half of the 
auditorium area is open, and the remaining quarters 
of the area at each side are covered by canopies con- 
structed of reinforced concrete cantilevers supporting 
almost flat timber and felted roofs. Each reinforced 
concrete cantilever occurs over a group of piles in the 
pier construction. The requirement was to cover the 
present open area with an opening roof so that, while 
the amenities and advantages of a permanent hall are 
available for bad weather and winter use, the open-air 
features of the present construction remain available 
for use during fine weather. 


Obviously, the paramount consideration was that 
the construction be within the load-carrying capacity 
of the pier structure, any modifications to which would 
have been highly undesirable and very expensive. 


The covering of the middle half only of the audi- 
torium area, retaining the existing canopies, was not 
practicable, because the existing reinforced concrete 
cantilevers would not be strong enough to support at 
their tips the additional roof load that would be 
imposed upon them and, even if they were, the addi- 
tional overturning moments at the bases of the canti- 
lever columns would be so great that the piles would be 


July, 1958 * 


aaetl 
a 
Bees ,) . | 
% x jeaueore Pveae wg | 
Bats Oe eae er ee eels | 
Fig. 22.—Plan and Cross Section of Pier Structure as Existing 
bicirei's Se 2 é 


*) 
Eat) 


Fig. 23.—Layout Plan of Reconstruction 


226 


SEPA Bot 


re 


The Structural Engineer 


H wcaye toe mene et 
9 SSRN SOS ok stone! 


your c.oseo i 


a renee <ovmrce, 
mane SS See ewe 


Fig. 24.—Cross Section of Reconstruction With Roof Closed (Top) and Open (Bottom) 


overloaded. This could have been overcome by insert- 
ing twelve columns, one under the tip of each cantilever, 
but these columns would have caused obstruction of 
both view and movement in what would otherwise be 
a very fine clear floor area. Quite apart from these 
difficulties, the appearance of a roof incorporating 
large areas at such a low level was felt to be aesthetically 
bad. 


The scheme therefore comprises the demolition of 
the existing canopies and their replacement by a new 
building of clear span and suitable height. 


The new building is designed as a three-pinned portal 
frame structure of light construction, but with walls 
and roof of very high insulating properties. 


The main area of the middle half of the roof com- 
prises ten opening sections, designed to slide over the 
outer quarters of the roof, which are permanently 
covered (Figs. 23 and 24). 


The rafters of the portal frames form a circular arc, 
firstly to give loftiness to the roof without unduly 
increasing the eaves height, and secondly to facilitate 
the sliding operation which demands either straight or 
uniformly curved rafters. Portal frames were selected 
to eliminate the considerable overturning moments 
that the present cantilever canopies transmit to the 
supporting piles, and a tie has been introduced below 
the floor surface between the two shoes of each portal 
frame to react the horizontal thrusts and avoid these 
being transmitted to the pier structure. 


The aim was to avoid increasing the load transmitted 
to the pier by the new superstructure. A comparison 
of the weights of the existing and the proposed super- 
structures, omitting the weights of the piles, pile caps, 
beams and floors (which are common to both) shows 
that through the lightness of the proposed construction 
the weight transmitted to each pile group is actually 
less than under the existing construction, but when 


the additional effects of the maximum possible over- 
turning moments of the canopies and wind are taken 
into account as well, the maximum load on any one 
pile is reduced to about a third of its present maximum, 
in spite of the increased area of roof directly supported 
by the particular groups of piles. This is due partly 
to the lighter form of construction and partly to the 
difference in superimposed loading stipulated for 
sloping and flat roofs in Codes of Practice. 


On the other hand, the increased height of th 
building results in a greater surface area being exposed 
to wind forces, and cross braces are therefore introduced 
between the pier piles to form braced trestles in the 
four corners, the solidity of the reinforced concrete 
floor being adequate to transfer the wind forces to 
these four trestles. 


The portal frames (Fig. 25) are of tapering box 
section, of two web plates and two flange plates welded 
together, with pins at the crown and attaching the 
portal frames to cast iron bases. The box section is 
introduced firstly against torsional tendencies from the 
sliding sections, and secondly to reduce lateral insta- 
bility where ties are widely spaced to avoid obstructing 
the open areas. 


Under the existing construction the occurrence of 
walls between the canopy columns ensures a degree of 
spreading of the superstructure load over the length 
of the pier on each side, and therefore of uniformity in 
loads on the pile groups. The lighter type of wall 
construction in the new building cannot be regarded 
as capable of spreading the load in the same way ; 
hence a line of lattice girders is introduced on each side 
of the building between the portal frames to act as 
spreaders, and as a precaution against uneven settle- 
ment of the pier structure. Cross bracing on each side 
could well have been used for this purpose, but for the 
interference which would have been caused to the side 
clerestorey windows. 
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Fig. 25.—Plan and Sections of Steel Frame 


The stanchions framing the end walls are also 
mounted on spreader beams for the same reason. 


The walls are of cavity construction, and although 
of very light weight they have a thermal transmittance 
value of approximately 0.10 B.Th.U./hour/sq.ft./°F. 
difference in air temperatures, which is approximately 
three times more insulation than an 11 in. brick wall, 
for which the thermal transmittance value is 0.30. 


The thermal transmittance value of the roof and 
ceiling combined is 0.37 B.Th.U./hour/sq.ft./°F., which 
compares very favourably with traditional construc- 
tions ; a tiled roof and plaster ceiling having a ““U” 
value of about 0.90 and a solid concrete asphalted flat 
roof, plastered inside, having a ““U” value of about 
0.56. 

The ten opening sections of the roof are each con- 
structed of a steel frame with roof covering similar to 
the main roof, sides clad with boarding and the same 
kind of roofing felt, and a ceiling similar to that for 
the main roof. The roof of each section incorporates 
a large area of patent glazing to illuminate the building 
by daylight when the roof is closed, and at ceiling level 
under each area of roof glazing are two double-glazed 
laylights. Cold-rolled steel and light alloy were 
considered for the frames of the opening sections, in 
view of their lightness, but were not adopted because 
of the potentially corrosive action of the maritime 
atmosphere. 

The dimensions of the roof openings and the sliding 
sections are proportioned so that the opening sections 


are completely hidden from view from inside the 
auditorium when the roof is fully open. To avoid the 
ridge presenting a clumsy appearance when the roof is 
open it is designed to collapse to a relatively shallow 
depth—the collapse of the ridge also eliminates the 
necessity for cladding its two sides. 


The whole of the mechanism is controlled by two 
switch units; one operates the ridge assembly and 
the other operates the ten opening sections. The two 
switch units are fully interlocked electrically to ensure 
correct operating procedure. The total running time 
required for either the complete opening or complete 
closing operation is about two minutes—just under 
one minute for the ridge and a little over a minute for 
the sliding sections, and the design incorporates three 
independent forms of brake or safety device. 
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Some Notes on the Use of High Preload Bolts 
in the United Kingdom” 


Discussion on the Paper by F. M. Easton, A.M.LStruct.E., A.M.LC.E., 
E. M. Lewis, A.C.G.I., A.M.I.W. and D. T. Wright, B.A.Sc., M.S., Ph.D. 


THE CHAIRMAN introduced the authors, Mr. Easton 
and Mr. Lewis, who presented the paper. 


Dr. Wright, who was in Canada, was unable to be 
present and had sent a tape recording of his introduc- 
tory remarks. Discussing some of the more recent 
developments in the use of high strength bolts in North 
America, he suggested that the notion of a bolted 
friction joint had now been generally accepted by 
structural engineers everywhere. It had been re- 
peatedly demonstrated that a bolted joint was at least 
as good as a riveted joint, provided that the bolts were 
properly tightened. The most serious problem with 
respect to the practical use of high strength bolts lay 
in securing required bolt tensions under field conditions. 
When the first specification of the Research Council on 
Riveted and Bolted Joints was written in 1951, it was 
suggested that 5 to 10 per cent of all bolts should be 
loosened off and retightened with a torque wrench to 
check tensions. This, of course, was based on the 
presumption that the bolts would be tightened by hand 
with ordinary wrenches. With larger diameter bolts, 
and particularly when working in tight quarters, it was 
found almost impossible to tighten bolts adequately 
with simple hand wrenches. Further, with bolt tight- 
ness dependent on a workman’s “ sense of feel’’, even 
10 per cent inspection was not always adequate. 


Almost as soon as the bolts were used practically, 
pneumatic wrenches were used for tightening, and of 
course proved to be much faster and more convenient 
than the hand wrench. It was at first hoped that some 
simple general relation could be found between air 
pressure and bolt tightness. Results of tests were too 
erratic, however, and torque wrenches had to be used 
for inspection as with simple hand wrenches. A second 
approach had proved successful, however. A typical 
relationship between bolt tension and time for various 
air pressures was then illustrated. It had been found 
that by controlling air pressures close to the wrench— 
within about 10 feet—and by measuring the time of 
operation,. quite uniform torquing efforts could be 
obtained from a given wrench. The next illustration 
showed a device for calibrating wrenches by measuring 
tensions directly at the site. Very good consistent 
results were obtained by putting a bolt (of the same 
size, and from the same lot as those to be tightened) 
in the device and adjusting an air pressure regulator 
until, say, 10 seconds effort gave the desired bolt 
tension. The device in detail was next illustrated. 
There was still some scatter—perhaps 5 or 10 per cent— 
but this was compensated for in practice by tightening 
the bolts to an average tension somewhat greater than 


* Read before the Institution of Structural Engineers at 11, 
Upper Belgrave Street, London, S.W.1., on the 24th October, 1957. 
Professor Siv Alfred Pugsley, O.B.E., D.Sc., F.R.S., M.I.Struct.E. 
(President) inthe Chair. Publishedin“ The Structural Engineer,” 
Vol. XXX V, No. 5, pp. 167-175. (May 1957). 


that required. The method had the obvious advantage 
of eliminating torque wrenches—which were by no 
means free of scatter themselves. 


A direct method of obtaining desired torques was 
available with pneumatic wrenches sold by one com- 
pany, and which had torque bar controls which cut off 
the air supply when the desired torque was reached. 
Tests had shown these wrenches to be very satisfactory. 


An alternative development appeared to offer great 
advantage in simplifying the field bolt-tightening 
operation, and eliminating all measuring gauges and 
such from the site. It had been observed that to 
give a nut a half-turn produced a tension almost up 
to the minimum specified value. After one full turn, 
there was little increase in bolt tension, but to break 
the bolt or strip the threads required 24 to 3 full turns, 
Tests had shown that joints in which the bolts had been 
tightened almost to breaking would function satis- 
factorily, and that if the bolts did not fail while being 
tightened they would not fail at all. It followed then 
that to give a nut a full turn from a finger tight position 
would produce a sufficient yet safe bolt tension, That 
held true for all bolt diameters and almost all grip 
lengths. In use this was very simple since the operator 
need only assure himself that the material to be fastened 
was in good solid bearing then run the nut up with his 
finger, and use the air wrench until the chuck made a 
complete revolution. If the parts to be joined were 
not well fitted up, a few bolts could be temporarily 
tightened then later loosened and retightened properly. 


In Canada, the turn-of-the-nut method was now 
being used very commonly. In the United States, the 
American Bridge Company still used calibrated impact 
wrenches, while Bethlehem Steel Company, the other 
major fabricator, used the turn-of-the-nut method. 


Although the superior strength of the high strength 
bolt, particularly. in fatigue, led to its use first in highly 
stressed members in railroad bridges, the remarkably 
extensive use of high strength bolts in North America 
had been due most of all to their economy as a field 
connector. Rivets were still most economical for shop 
fabrication, but the ease with which bolts could be 
installed. made them ideal for field work. 


Dr. Wright concluded by remarking that the original 
American notion of the substitution of a rivet by a bolt 
of the same diameter was being modified. For steady 
loading, as in buildings, higher loads were now per- 
mitted on bolts, and it seemed that with the advent of 
super-strength bolts, capable of carrying higher ten- 
sions, even greater efficiencies would be possible. 


Mr. Easton, introducing the paper, referred to more 
recent experience on the Western Region in applying 
the code of practice summarised on page 170, but with 
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the reduced torque values mentioned in the fourth 
paragraph of page 171. When screwing up the bolts 
with a torque controlled impact wrench, the mild steel 
nuts continued to fail occasionally, more particularly 
when tightening was effected in from three to five 
seconds per nut. This speed was, admittedly, unneces- 
sarily high, but the failures, although few in number, 
did raise doubts whether the nuts could be regarded 
as generally satisfactory. 


In the first place, failure had resulted from the nut 
thread stripping ; a sheared-off spiral of thread (illus- 
trated in Fig. 13) would be formed by progressive 
failure from the nut face inwards as the tightening 
proceeded, the spiral remaining embedded in the bolt 
thread, which was undamaged. Secondly, there was 
a tendency for the nut to “ bell out ’’ under the load, 
that is, to expand radially at the bearing face. 


y 


Fig. 13. 


In consequence of these doubts, it was decided to 
use nuts of ‘P’ quality steel to B.S.1083 (35/48 
ton/sq. inch) in place of the mild steel nuts formerly 
specified, and to revert to British Standard Whitworth 
threads. The prescribed tensile loading on the bolts 
would be maintained, since the bolt steel could be relied 
upon to carry the increased stress resulting from the 
reduced “ stress area’ of the thread. 


An examination of Fig. 14 would show the reasons 
for this decision. In the lower part of the figure, 
%in. diameter bolt and nut threads, both B.S.W. and 
B.S.F., had been drawn to scale with the maximum 
tolerances prescribed under B.S.1083, the threads being 
shown in the relative positions they would occupy when 
screwed up under load. Obviously, with the B.S.W. 
thread, there was considerably more contact between 
bolt and nut than there was with B.S.F. thread ; and 
the B.S.W. would be stronger, even allowing for the 
increased pitch. In addition, the thread loading was 
not uniformly distributed throughout the depth of a 
nut ; owing to the elasticity of the material, a large 
proportion of the load came upon the first few threads. 
The approximate distribution was indicated in the 
right-hand part of Fig. 14, from which it would be seen 
that the concentration of load would be appreciably 
less on the coarse thread than on the fine. 
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Mr. Easton ended with an expression of apology with 
regard to the photograph of the prototype torque 
multiplying spanner reproduced in Fig. 8. That 
photograph had been put into the paper inadvertently 
without either the permission of or acknowledgment 
to the firm responsible for developing the tool which, 
in its final form, was a remarkably light, compact and 
efficient instrument for tightening spline extension 
bolts. 


Mr. E. M. Lewis said that since the paper was 
written he had been concerned with experiments to 
further the application of the half torque half turn 
technique or, as the authors would now prefer to call 
it, the part torque part turn technique. Fig. 15 was 
typical of the results obtained with bolts of normal 
grip length and also for holding down studs. The 
dotted lines indicated the limiting behaviour when the 
part torque was one quarter and three quarters of the 
nominal torque required to tighten the bolts using the 
torque coefficient technique. It would be seen that the 
“half torque’ normally specified need not therefore 
be applied with any great degree of accuracy as the 
variation in the bolt load after approximately three 
quarters turn of the nut was only about 7 per cent. 
The variation before applying the three quarter turn 
of the nut was about 200 per cent. The curves also 
demonstrated that thread lubrication which was so 
critical when the torque coefficient method was used, 
no longer caused significant variation. 


From the results which were at present available the 
tightening rule which had been evolved was as follows : 
after the nominal half torque had been applied an 
additional half-turn should be given for each nut plus 
a further quarter of a turn for each 6 in. of bolt length. 
Thus for bolts of 6 in. grip length, half torque and three 
quarters turn should be applied. For studs of similar 
grip length an additional half turn was allowed for 
the second nut making one and a quarter turns in all. 


Mr. Lewis referred to two other current series of 
tests. Since joints subject to tensile load induced 
small variations in bolt tension, it was desirable to 
understand the fatigue behaviour of the bolts under 
high preloads. Tests were in hand on bolts in B.7a 
(B.S.1506), En.110U and En.16R (B.S.970) grade steels 
to examine the fatigue behaviour at prestresses in the 
range .6 to 1.2 times the yield stress. 


The other investigation concerned the use of certain 
types of plastics to increase the efficiency of the joint. 
It was hoped to develop a coating which would protect 
the steel from corrosion prior to erection and which 
would, after erection, greatly improve the slip coefficient 
of the joint thus enabling the number of bolts and the 
total preload to be considerably reduced, This “ semi- 
glued ”’ joint might not be as revolutionary as it sounded 
when it was realised that Dr. Dornen in Germany had 
already built, with the exception of service bolts, a 
completely glued all-steel bridge. 


Discussion 


THE PRESIDENT said it had been suggested that this 
country had been behind others in regard to the matter 
under discussion. But if we looked back over the 
history of the problem in this country we found that 
once or twice the solution was very nearly reached ; 
we had approached the pre-tensioned bolt, as it were, 
and had then sheered off ; 

The first time he could remember that happening 
was when Professor Unwin had shown an interest in 
the stresses occurring in bolted and riveted joints. In 
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his early book on “ Elements of Machine Design ’’ he 
had given an account of some continental work on 
such joints, which assumed that their behaviour, even 
without careful control of the tension, was better 
discussed in terms of friction than in terms of shear. 
But nobody had taken much notice of it. 


The second occasion when we had come near to a 
solution was about 1930, when there was a Steel 
Structures Research Committee, of which Professor 
Batho was a member. He did many tests on the 
behaviour of bolted steel structures and made an 
effort to introduce into their analysis the effect of 
friction at the joints. Again, for reasons which many 
‘of us knew, we had left that alone. 
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The President then proposed a hearty vote of thanks 
to the authors for their paper. 


(The vote of thanks was warmly accorded). 


Mr. P. S. A. BerRIpGE (British Railways) said he 
could claim to have been behind the scenes with the 
authors during the writing of the paper and he was 
indeed grateful to the President for allowing him to 
join in the discussion. 

He made no apology for using the term “ High 
Strength Bolt.’ It was the name by which those bolts 
had been known in the United States and it was the 
name by which they were known on British Railways 
and by many bolt makers, contractors and others in 
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Fig. 16.—The design of floor for half through type plate girder spans standardised 
on the Western Region of British Railways. 


Now, following the work of the authors of the paper, 
we had another chance of getting ahead. 


The question of “ glues”’ had been mentioned by 
Mr. Lewis. At the moment “glues” intended for 
sticking metals were being studied near Cambridge, 
and at Cambridge itself there was also another develop- 
ment on which perhaps the authors would comment. 
When we did experiments on frictions at school we 
found it difficult to believe the so-called Jaws of friction, 
but now this whole matter had been placed on a scien- 
tific foundation by the work of Bowden at Cambridge. 
As a result, we were now ahead of the rest of the world 
in this field. Could the authors make some remarks 
on possible applications and developments from this ? 


this country ; and frankly he was sorry to see the 
authors trying at this late hour to change a name which 
had already become a household word in the structural 
engineering industry. 

High strength bolts were first used on Western 
Region railway bridges some six years ago; that was 
the first time they had been used on a railway bridge 
outside the United States of America. The high 
strength bolt was adopted as a connector which, unlike 
the rivet, could be properly used in direct tension. 

The modern trend in bridge design was to make the 
best, possible use of prefabrication in the shops. In the 
half through type welded plate girder bridge the floor 
almost always had to be connected to the main girders 
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on site. (An exception, of course, was the Twickenham 
flyover bridge described about a year ago by Mr. 
Palmer) .* 


The design developed at Paddington consisted of 
deck units of either precast prestressed concrete or 
prefabricated steel. In the latter, each unit consisted 
of a pair of cross girders with stringers and floor plating 
all shop-welded and waterproofed before delivery on 
site. Shear plates on the ends of the cross girders were 
landed on similar shear plates welded on the sloping 
flanges of tee-shaped stiffeners, while the bending 
moment stresses at those joints were carried entirely 
by high strength bolts in direct tension. Fig. 7 in the 
paper showed a method of tightening those particular 
high strength bolts with a torque-limiting wrench used 
in conjunction with a torque-multiplying wrench, the 
latter giving a mechanical advantage of about 7 to 1. 
That form of construction permitted the decks under 
each track in a multi-track span with intermediate 
main girders to be quite independent of one another—a 
great advantage when erecting the first half of a double- 
track bridge while half the old structure was being 
retained for traffic. The rate of erection of the deck 
units was not dependent on the tightening of the high 
strength bolts; that could follow later on, so long as 
sufficient bolts were inserted in the holes to keep the 
shear plates in contact while traffic was allowed across 
at slow speed. 


ee 
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had followed and those bolts were now widely used for 
all repairs to dynamically loaded girder structures on 
the Western Region. Faying surfaces were not painted, 
and with the high strength bolt developing twice the 
clamping effect on a good hot-driven rivet, ample 
friction was provided to carry the shear load across the 
connection. 


The web and flange joints in the 170 ft. long main 
girders continuous over three spans in a railway bridge 
near Llanymynech had been made entirely with high 
strength bolts in clearance holes, correct alignment 
being made with parallel shank drifts in the first 
instance. 


Pneumatic Impactools set to cut out at the predeter- 
mined torque were used to tighten those bolts. When 
the air pressure was constant and the air supply 
adequate, those tools worked quite well; but they 
were heavy and cumbersome and he was inclined to 
favour partial hand-tightening (say) to 200 lb.ft. torque 
and then giving each nut the requisite amount of turn 
to produce the required tension in the bolts. 


That led Mr. Berridge to the Torshear bolt, shown 
in Fig. 20. 


That really was, he said, aclever thing, and he under- 
stood it was being put into production by several bolt 
makers quite shortly. It was the high strength bolt 


Fig. 17.—Slinging a prefabricated steel deck unit between the main girders, 
showing also a trough destined to span the gap between the units. 


Single pressed steel trough units between the pre- 
fabricated steel deck units served two functions. They 
facilitated drainage of the ballast and through their 
flexibility they prevented the building up of high 
stresses in the deck units due to floor interaction. 

So much, then, for the initial use of high strength 
bolts in direct tension. Their adoption to carry shear 


* M. F. Palmer, ‘‘ Fabrication and Erection of Steel Plate 
Girder Railway Bridges,” ‘ Struct. Engineer.”’ Vol. XXXII, 
No. 12, p. 322. (1954). 


with an extension of the threaded portion beyond a 
groove. The Torshear bolt was tightened with a 
special pneumatic wrench fitting over the nut and 
gripping and turning against the extension of the 
threaded portion beyond the groove. The nut was 
turned until the extension broke off, by which time the 
bolt would have been tensioned to the required amount. 
Naturally, the groove must be made accurately ; but 
that, he was told, presented no special problem. An 
inaccuracy of 0.002 in. in the diameter of the groove 
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Fig 18.—High strength bolted joint in main girders 
of the bridge near Llanymynech. 


Fig. 19.—Tightening High Strength Bolts with a 
Pneumatic Impactool. 


in a } in. diameter bolt resultedina variation of 10 lb.ft. 
in the torque. The great advantages of the Torshear 
bolt were that the wrench gripped the bolt : one could 
see at a glance whether or not a bolt had been properly 
tightened ; and it could not be over-tightened. 


Mr. L. R. Creasy (Superintending Structural 
Engineer, Ministry of Works) spoke of the Ministry’s 
experience of the application of high strength bolts 
to normal frame construction. They had been used 
on a few contracts of quite moderate tonnage, as shear 
conrectors in lieu of site riveting and had been sub- 
stituted on a one-for-one basis. Their cost was not 
more than that of site riveting and they had been 
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Fig. 20.—Torshear Bolts before and after tightening. 


found to be infinitely more convenient and speedy to 
use. 


They had used both manual tightening of the bolts 
which was somewhat slow and pneumatic wrenches in 
which the air was adjusted to a controlled pressure to 
provide a specified torque. This latter method was 
quite accurate and both speedy and convenient. In 
each contract there had been a small percentage of 
breakage of the bolts, usually under the nuts. 


In order to arrive at a suitable technique for using 
these bolts they had conducted a few laboratory tests, 
and Mr. Creasy illustrated the results. The tests. 
showed the relation between the applied torque in the 
bolt, the ultimate shear between the plates and the 
bolt tension for a range of values of applied torque. 
The test jig, illustrated in Fig. 21, consisted of two 


3/4" dia. bolt 
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Fig. 21. 


4 in. mild steel plates, commercially clean and connected 
by a single #in. diameter high strength bolt with ade- 
quate clearance in the shank. In these tests the torque 
coefficient approximated to 0.15 which was less than 
that used by the Authors and was an indication of the 
variation to be found in practice in this important 
factor. 
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Fig. 22 


Fig. 22 showed the relationship between an applied 
shear force to the connection and the relative lateral 
deflection of the plates for different values of applied 
torque. The curves were of similar type and indicated 
an initial period of deflection or slip between the plates, 
after which no additional movement was observed 
between the plates with increasing values of shear 
until final slip and ultimate failure. 


The relation between the applied torque, the induced 
bolt tension and the ultimate shear in the connection 
was shown in Fig. 23. The lower horizontal line 
indicated the working load of 3.2 tons in shear for a 
shop rivet and high strength bolt of ?in. diameter. 
The dotted line indicated the zone during which second- 
ary slip or deflection occurs in the connection. The 
straight line effect appeared to be maintained through- 
out the full range of bolt tension as far as failure 
although in fact a very small permanent set was 
recorded at approximately 85 per cent of the ultimate. 


An applied torque of 300 lb.ft. had been selected for 
site working which was also the one recommended in 
the paper. It would be seen from the graph that at 
this torque the connection was within the region of 
initial deformation throughout the range of the working 
load. At this torque the ultimate shear in the connec- 
tion showed a load factor of 2 over the design working 
load and the induced tension in the bolt represented 
a load factor of 1.1. on yield and 1.3 on the ultimate 
strength of the bolt. 


The load factor of 2 in the working shear load of the 
connection seemed rather greater than was necessary 
and appeared to support the authors’ recommendation 
that the nominal one-for-one basis of substitution of 
high strength bolts for rivets might be improved. 
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Concerning the relatively small load factor against 
yield and ultimate tension in the bolt the question 
arose as to whether a smaller torque should be used 
with a lower induced bolt tension. Of not lesser 
importance however than the breaking of the bolt was 
the shear resistance in the connection which was the 
fundamental design factor and must be maintained. 
In this respect it was extremely difficult on site to 
guarantee both the applied torque and the frictional 
resistance and variations in these might reduce the 
shear between the plates to possibly dangerous limits. 
Once the bolt was tensioned, however, no variation in 
the applied load on the connection could increase the 
bolt tension and a smaller margin of safety would seem 
justified in the bolt than in the induced shear in the 
connection. We were faced with a type of connection 
where, provided the bolt did not fail, this must be 
presumed as a positive load factor, however small, and 
as such must be accepted as satisfactory. 


Mr. H. C. HusBanp (Hon. Curator) said he was very 
glad to have the opportunity to join in the discussion 
of such an important paper, which had been so fairly 
presented by the authors. 


Commenting that he hoped his remarks would not 
appear to be retrograde or hopelessly reactionary, 
he went on to say that he had used high strength bolts, 
in particular for structures subjected to heavy vibra- 
tion. He was not at all prejudiced. 


The authors had said that we should not look upon 
high strength bolting just as an alternative to site 
riveting. But in respect of large jobs he thought that 
was how most of us were bound to look at the situation. 
Site riveting would become more and more difficult in 
the future as we had fewer and fewer riveters, and the 
position with regard to site welding was just as serious ; 
hence the use of the high tensile bolts would be ex- 
tremely important in the future. 
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In connection with one or two large jobs during the 
last two or three years his firm had been asked to 
consider the use of these bolts. On one job in particular 
a highly reputable firm of constructional steelwork 
contractors had asked them not to use the bolts because 
of the possible lack of reliability and lack of uniformity 
in them. 

It was stated by the authors that on a certain occa- 
sion four out of 40 bolts had failed.. One immediately 
wondered how near to failure the other bolts might be. 
Taking the ordinary job, the amount of careful control 
on the site was not all that it might be. 


We all knew how difficult it was to make sure that 
tapered washers were fitted properly; that was 
another extremely important matter, and it was men- 
tioned in the paper. It was important in the case of 
ordinary black bolts, but he was sure it was much more 
important when using the high tensile bolts. 


As a comparison, where high tensile reinforcing bars 
were used, in pre-stressed concrete contruction, of 
considerable diameter, anchored by nuts, the greatest 
care was necessary to ensure that the bearing plates 
behind the nuts were precisely at right angles to the 
axis of the bolts. Most of us knew from experience 
that if the bearing plates were not at right angles to 
the axis of the bolt there was trouble, and the high 
tensile bar, taking up the load on the nut, cracked. 


There was another analogy. From time to time, 
when there had been failures in cases of threaded high 
tensile bars, they had been attributed to imperfect 
thread cutting, a worn die chaser had possibly been 
used in finishing the threads. 

Where high tensile bolts were used on a large scale 
on jobs where very close supervision might not be 
possible throughout the whole of the erection period 
we must have very reliable bolts. He was speaking 
as a Sheffielder, and in Sheffield they were interested 
in the production of uniformly high quality steel, On 
the other hand, we all knew how difficult it was to 
achieve this ideal. 

The American specification quoted by the authors 
(in their Appendix B) stated: “‘ Contact surfaces of 
joints where slippage into bearing of the bolts is 
acceptable, may carry a shop coat of protective paint 
or lacquer; but in joints which will be subject to 
stress reversal, impact or vibration, the contact surfaces 
must not be painted or lacquered.” Mr. Husband 
asked if we could assume that, because of the load on 
the bolt, those unpainted contact surfaces would not 
tust. It was quite uneconomic, he said, to have them 
perfectly machined and, if they were, it was quite 
likely that the coefficient of friction would be reduced 
and we should lose efficiency. On the other hand, he 
assumed that part of the success of that type of joint 
was due to slight irregularities on the surface, which 
tended to increase the friction. But those irregu- 
larities would let in the atmosphere, and he asked if 
we were completely right in not having a method of 
preserving the steel from corrosion ; he would like to 
hear more about “ glueing’”’. He did not like the idea 
of omitting all treatment of the contacting surfaces. 


In conclusion, he said he did feel that more practical 
tesearch of the type the authors had described was 
highly desirable, and he added his thanks to those 
already expressed to the authors. 


Mr. J. S. TERRINGTON (Associate-Member) comment- 
ing on the author's recommendation of the “ half- 
torque half-turn ”’ technique, asked whether, in view of 
the effects of scatter and since the effect of half torque 
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was initially determined by the torque-wrench, this 
would necessarily give more accurate results, than either 
completing the tension by the wrench or by using a 
full turn, the effect of which was also known from the 
results of tests. In other words is a basic tension which 
relies on the torque-wrench before the application of 
the final torque, sounder than other methods ? 


Judging by the large attendance on that occasion it 
looked as though the need for the use of high-strength 
bolts was out-stripping fundamental knowledge of 
exactly how they should. be installed in practice to 
derive the best advantage and achieve the maximum 
factor of safety. He quoted an example of a firm of 
crane makers, a group of engineers who were inclined 
to be highly conservative, who even contemplated the 
extensive use of high strength bolts. He would there- 
fore like to thank the authors for their paper which had, 
in effect, been probably the first to initiate discussion 
on such an important subject in Great Britain following 
the wide applications already made in America as well 
as those in this country described during the meeting. 


Dr. Royston JONES (Associate-Member) expressed 
his thanks for the opportunity to speak on the subject. 


The notes he would give would be on behalf of 
Mr. P. Prynne, B.Sc., (his research assistant) and 
himself. 


At Leeds University investigations on the behaviour 
of high tensile bolted connections had been concerned 
primarily with bolts stressed below the yield stress. 
Amongst other things the results illustrated the prac- 
tical difficulties that site engineers might have in 
ensuring closely defined preloads in bolts. Indeed, 
these difficulties suggested that it might have been of 
more immediate use to the site engineers if greater 
attention had been given to joints with bolts at stresses 
at or beyond the “ yield stress’”’. The Americans had 
shown little concern about exceeding the yield or proof 
stress ; but in this country and in Germany it had been 
generally assumed that bolt stresses above yield were 
undesirable. 

If bolt stresses above yield were permitted, the 
problem of joint assembly was simpler, and the “ half- 
torque half-turn ’’ method of tightening bolts seemed a 
sound suggestion, provided that the bolts had a reliable 
minimum yield stress and an adequate range of strain 
between yield and failing stress. Nevertheless, there 
was still room for further investigations of joints in 
which bolts were subject to both external shearing and 
tensile forces. The bracket joint shown in Fig, 4 of 
the original paper might be taken as an example. It 
had been written in the paper that from elementary 
theory, it would appear that, provided the preload in 
the bolts was sufficient to prevent separation of the 
plates, the effect of bending would have no influence 
on the shear carrying capacity of the joint. But 
there could be joints of this type which might have to 
resist a load varying from a high bending moment to 
a high shear load. Under a high bending moment— 
maybe even an accidental high bending load during 
erection—it could be assumed, for approximate 
analysis, that the bending moment would have the 
effect of applying a direct tensile load T to the upper 
bolt (or bolts). A consideration of equation (6) would 
show that the increase of load in the bolt would be 
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the effective stiffness.of the bolt K would not be based 
on the initial FE, but on a tangent E obtained from 


if the bolt were initially at the yield stress, 
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appropriate points on the stress/strain curves ; thus 
on release of load there would not be a full recovery of 
preload. That loss of load could be expressed in the 
form : 

Loss of preload 


1 1 

eh oe + Apis .4pEp + a) seen 
where 4, and Ay were the effective areas of the plate 
and bolt respectively, Ep and Ey, were the moduli of 
elasticity and E’,, was the tangent modulus of the bolt 
at yield stress. Calculations made from data given for 
an American bolt of 1 in. diameter, tightened to its 
proof load of 29 tons, showed that a 15 ton direct 
tensile load applied to the bolt would cause a loss of 
9.4 per cent of the original preload. The effective area 
of plate compressed had been assumed to be about 
equal to the area under the washer ; measurements of 
pressure distribution between clamped plates suggested 
that that was fairly near the truth. This showed at 
least the possibility of some reduction of the resistance 
of the joint to slip when subjected to subsequent shear 
loads. The American engineer Munse remarked that 
some have mistakenly reasoned that the tension in 
tension fasteners increases immediately upon applica- 
tion of an external tensile load, but later he added that 
stresses were not additive until the applied load had 
been increased to a value equal to approximately 0.6 
of the initial tension. 


Many arguments might be made in favour of the 
reliability of joints with bolts at yield stress ; the proof 
of successful practical application must also be accepted; 
but it was suggested that a fairly wide range of tests 
was necessary to prove the reliability of different forms 
of joint. 

The tests at Leeds would be reported fully in due 
course, but in view of the remarks about different 
methods of tightening bolts, some diagrams had been 
chosen showing the variations in tension developed 
in bolts tightened on to a cylinder using three different 
methods—torque, turn of the nut, and part torque and 
83° turn method. The bolts were $in. diameter and 
all complied with B.S. 1083. 


Average percentage variations in bolt tensions 


Bolt Type Torque Angle 100 lb.ft. torque 
Method Method and 83° turn 
4 BSW 29.4 28 17 
6 Spec. 32.6 46 43.6 
7 BSF 20.6 32 26.4 


The graphs of Figs. 24 and 25 showed the relation of 
torque to tension ; Figs. 26 and 27 showed the relation 
of angle of turn to tension. Also shown on Fig. 27 was 
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the effect of releasing and retightening bolts. These 
results showed that for the type of bolts tested there 
was no very special advantage in the use of the part- 
torque part-turn of the nut method of tightening, if 
the object were to obtain a defined preload below the 
yield stress. If yield stress was desired, he thought 
the part-torque part-turn method was the right one. 


Some reference had been made to joint rigidity. It 
was as well to note that there was some movement as 
soon as load was applied to the joint. During the 


July, 1958 


tests at Leeds the observed relative movement before 
the major slip took place was only about three thou- 
sandths of an inch. But conditions could be much more 
rigorous 1f, for example, rotational forces were involved, 
as might occur in a shear connector. In simple joints, 
rotational forces had reduced the slip load. If, in 
structural design, full advantage were to be taken of 
the increased joint rigidity given by high tensile bolted 
connections compared with similar riveted connections, 
more exact information must be obtained by tests of 
the appropriate types of joint. 


Dr. Royston Jones added that there had been very 
little mention of the values for the coefficient of friction. 
The thing that puzzled him was the variation of coeffi- 

cient of friction with sandblasting and flame cleaning 

obtained by the Germans who had reported something 
like 0.57 as an average ot their coefficients of friction, 
compared with somcthing between 0.3 and 0.4 with 
the normal plate. In their researches at Leeds he and 
his colleagues had not been able to get 0.57, with flame 
cleaned plates. Metallurgists had been consulted about 
the different characteristics of the German and British 
steels and so far no reasonable explanation had been 
obtained. Finally, it occurred to him that, as bits and 
pieces of work were going on throughout the country, 
it would be of advantage if at some time or other those 
concerned with the work could have some short 
round-the-table “‘ clearing house ’’. 


Mr. W. C. Brown, after adding his congratulations 
- to the authors for their most opportune paper, said 
that, as stated in the paper, when friction bolts were 
introduced to structural engineers by the American 
bolt manufacturers they were intended to be used as 
a direct replacement for mild steel field rivets. 


That was unfortunate, for although it provided 
simple rules for the design of joints, it failed to give a 
true picture of the action of the bolted joint and, what 
was more, it did not provide the same load factor 
against slip, as did the rivet against shear. 


In the paper the authors had stated that that load 
factor was 1.6, but a gin. bolt, tensioned to 147 and 
replacing a mild steel 3 in. rivet, could slip at 4.17, 
whereas the rivet working load (based on a shear stress 
of 5.0 tons/sq.in.) was 3.5, i.e., a load factor of 1.2 only 
was obtained. 


There might be some justification for that reduced 
factor in structures under static loading when slip 
failure was not catastrophic ; in fact, German tentative 
grip bolt specifications acknowledged the fact and 
permitted lower load factors. 

When wind and reversal loads had to be carried, this 
factor seemed to be too low and would be further 
reduced by repeated slipping of the plates. Thus, 
either more or better bolts must be used. 

Expressing his interest in the authors’ comments 
on the torque measurement method of assessing the 
bolt lead, Mr. Brown said that whereas the pneumatic 
wrench was a very convenient way of applying torque, 
the normal machine was very inaccurate in measuring 
the torque applied. Special machines existed which 
gave more accurate control, but all had to be calibrated 
and were dependent on air pressure to some extent for 
their efficiency. 

Other types of bolts, such as the Torshear type, 
that were being developed, did much to eliminate the 
variation in the torque applied; but it was the load 
on the bolt that we wanted to know, the torque was of 
little consequence. It was there that the turn of the 
nut method proved its advantages. 
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There were, however, disadvantages with that 
method when used with straight shank bolts and 
ordinary hex nuts. Unless the threaded portion of 
the shank extended between the plates, the bolt shank 
stretch was limited and there seemed to be a danger 
of the bolts breaking or, worse still, partly breaking off 
and remaining in the joint undetected. Also, with the 
standard form of small hex nut there was a possibility 
of the nut swelling at the base, seizing, and tearing the 
bolt threads. , 


One way of overcoming those difficulties was by 
using a reduced shank bolt with a special nut and 
washer, as developed by Mr. G. Roberts. The bolt 
was more or less a standard high quality waisted bolt, 
as used in the automobile industry, but the nut was 
turned down for + in. and the shoulder bore on a 
thick high tensile steel washer so that the load was 
applied to the nut near the centre of its length. This 
reduced the concentration of stress on the end threads 
and prevented seizing. 


L aa 875 dia, 


Fig. 28 


With that nut and washer the failure in tension 
always occurred in the shank and the bolt could only 
be broken by three or four turns of the nut after hand 
tightening. Three quarters of a turn, after bedding 
down, resulted in a bolt stress near the ultimate tensile 
stress of the steel, 1.e., the maximum capacity of the 
bolt was obtained in perfect safety. A bolt load of 
up to 35 tons might be obtained in that way with 
considerable accuracy by using a steel of 65/75 tons 
per sq.in. and an impact wrench capable of applying a 
torque at least 1,000 lbs. ft. Plates connected with 
one such bolt would slip at between 11 and 12 tons, 
compared with about 4 tons for the same size parallel 
shank bolt in En15R quality steel. Surely the economy 
lay in favour of the waisted high quality bolt. 


Mr. Brown asked if the authors had any experience 
of surfaces which were sand blasted or flame cleaned, 
and whether they could comment on the economics of 
such processes. 

Finally, he said: that if engineers had confidence in 
the ability of bolts to carry loads effectively in tension, 
that would seem to be the best way of connecting 
units, particularly cross girders, to trusses, when at 
least one third of the number of bolts used in connecting 
the units in shear could be saved. The Germans used 
plain machined bolts rather widely. 


Mr. M. F. PALMER (Member) asked the authors 
whether there were any criteria for the area of surface 
in contact per bolt. In practice, one met cases where 
(say) a plate was welded to the end of a joist section 
with welds around the profile of the section ; although 
for practical purposes the plane of the plate could be 
kept fairly true, yet the welding would have produced. 
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some distortion of the end plate. Through the end 
plate bolts were placed and tightened but it was almost 
impossible to bring the whole area of the plate into 
contact with its meeting surface. He asked if the 


authors had carried out any experiments to ascertain _ 


whether there was any relationship. 


Carrying the point a stage further, he asked if there 
was any relationship between plate thicknesses and 
bolt tensions in a lapped joint. He had in mind plates 
2 in. or 3 in. in thickness. 


Referring to Fig. 1 in the paper, showing a bolt 
through three thicknesses of plate, Mr. Palmer said it 
showed that friction took place over a fair area. If 
that was a joint with two cover plates, some of the 
friction would be taken up before the hole in the bar 
was reached. He asked whether any of the tests that 
had been made indicated that in fact the bar was 
stronger on this account. The thickness of the covers 
was involved, of course, but it seemed that the principle 
might apply. 

Reinforcing the comment that torque multiplying 
spanners were slow in action, he said that was a very 
practical point, and it seemed to him that the future 
lay more in the line of the power operated impact 
spanner. Furthermore, if one had a number of bolts 
to tighten and if one was able to use a long lever, 
applying a torque of (say) 400 lb.ft. at an arm of about 
4 ft., it was really the limit of a man’s capacity and 
would be very tiring work when carried out continu- 
ously. 


THE PRESIDENT, whilst realising that a number of 
others would like to contribute further to the discussion, 
said the authors should be given some time in which 
to reply. He therefore closed the oral discussion and 
invited written contributions. 


Written Discussion 


Mr. R. W. TURNER (Associate-Member) invited the 
Authors’ comments on the following points : 


(1) The proposal to reduce the preload in HS. bolts 
because of thread stripping appeared to be a retro- 
gressive one. Would the adoption of bolts made to 
ASTM A 325 with UNC threads overcome this problem? 
Bolts to this specification were manufactured in Eng- 
land and their use with the highest permissible preload 
should give maximum efficiency of joints. 


(2) Could the authors explain fully the equipment 
they proposed should be used to induce the half-torque 
and half-turn stages? Mr. Turner had found the use 
of torque multiplying hand operated spanners inefficient 
and he considered that to use two different impact 
wrenches, one light and one heavy capacity would be 
the most satisfactory solution to this question. 


(3) The proposal to use Torshear bolts which break 
off when a limiting value is reached was questionable 
because of the interaction when tightening a multi 
bolt joint. It had been frequently observed that one 
bolt being tightened caused adjacent (previously 
tightened) bolts to loosen but with Torshear bolts it 
was impossible to re-tighten and correct this tendency. 


In the two stage method proposed by the authors 
the initial half-torque stage did have the effect of 
“‘ bedding down ”’ the plies and was extremely valuable 
because of this action. 


(4) As the condition of the faying surfaces greatly 
affects the frictional resistance of a preloaded joint 
had the author any proposals for calculating the 
capacity of joints based upon the grade of surface 
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finish, i.e. to decide upon average values of “ y”’ for 
“ flame cleaned” “grit blasted’ “‘ painted’ and “ as 
rolled ’’ surfaces ? 


Mr. Wit1t1AM H. Arcu felt that the references to 
the turn-of-the-nut methods of tightening made 
through the paper, and the verbal discussion, did not 
make clear what type of thread was used on the bolts 
the use of which was being described. If any “ turn” 
method of tightening was to be stipulated it was 
abundantly clear that the thread intended should also 
be given. There was a large variation between the 
tension to be expected from half a turn with a B.S.F., 
B.S.W., or the equivalent unified threads. The U.N.C. 
thread had been found to be most useful in this field, 
and was far less prone to thread stripping than was a 
fine thread. 


There was also the point that, strange though it 
may seem, there was far from being a constant relation- 
ship between the amount of turn applied to a nut and 
the tension resulting in the bolt therefrom. 


Mr. J. B. GriFFiTH considered that the substitution 
of high preload bolts for rivets was very attractive, 
particularly in view of the fact that riveters today are 
in such short supply. Moreover, site erection of steel 
structures would clearly be made much simpler if the 
authors’ recommendations were to be generally 
accepted and adopted. 


Whilst he had not had any experience in the field 
covered by the Authors in their paper, Mr. Griffith had 
met problems when post-tensioning pre-cast concrete 
units which he felt might have some bearing on the 
important problem of the use of high preload bolts. 
In the particular case he had in mind, 1} in. diameter 
Macalloy bars were used for post-tensioning pre-cast 
concrete cylinder units to form cylinders up to 65 ft. 
in height. The bars were tensioned vertically ; the 
lower end being anchored by bearing plate and nut 
in a cast steel shoe, whilst the bar was then jacked at 
the upper end. A standard Lee-McCall prestressing 
jack was used, the jack being attached to the bar by 
an adaptor. Measurement of tension (which was 


fairly critical), was carried out by two methods : 


(a) Suitable calibration of a Bourdon gauge coupled 
into the jack’s hydraulic system. 


(b) Measurement of extension of the rod, from the 
time when the rod begins to take load. 

There was nothing unusual about this system. 
However, they did carry out experiments to determine 
the effects of slight misalignment of the bearing plates 
at top or bottom of the bar. Whilst the average 
ultimate strength of the bars held in bearing plates 
square to the test bar was over 63 tons, failure occurred 
at under 50 tons when the plates were set between 
13° and 3° out of true. Using short test lengths with 
spherical faced nuts and spherical faced washers to 
permit nuts and rods to align themselves, the effects 
of misalignment were greatly reduced, though due to 
waviness of the bars and friction in the self-aligning 
bearing these results did not hold good for the anchored 
end on Jong bars. 


The reason for the reduction in ultimate strength in 
the above tests was obvious but he wished to ask the 
Authors’ opinion on whether they felt that some of 
the failures in their earlier tests may not have been 
due to lack of appreciation of the effect of slight 
misalignment. Dr. Wells’ suggestion that a lead alloy 
ring be used to gauge tension might also solve this 
problem. 
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Secondly, the half-torque half-turn technique 
developed by the Authors was, like all good answers, 
simple. The problem, however, was the determination 
of the point at which axial load commences to be 
applied, particularly where there were more than two 
plies of material. The Bourdon gauge method des- 
cribed above was, within the very doubtful limits of 
accuracy of the gauge, a true measure of tension. The 
nut could then be run down and the jack released. 
Whilst lack of room would usually preclude the use of 
such a method, did the Authors not agree that a funda- 
mental approach was required rather than the placing 
of reliance of torque limiting spanners, personal judg- 
ment of the point at which the bolt commenced to take 

_tension and allowance for springiness of the material, 
particularly where multi-ply bolting was used? 
Approach along the lines of Dr. Wells’ suggestion 
seemed likely to overcome these problems. 


Mr. R. NEwsuam invited the Authors’ comments 
on the following observations and questions. 


A term which frequently occurred in the text of the 
article was “bolt yield point’’ and he wondered 
exactly what was meant by this expression. Did they 
in fact refer to the deformation which occurred in a 
nut and bolt thread assembly and if so how did they 
assess when this had occurred. Further would they 
say how the loads in the bolts were measured in their 
tests also how many bolts and what type were used. 


From the tests which Mr. Newsham had made the 
factor leading to the greatest variation appeared to be 
the method of forming the threads, a considerably 
higher scatter was obtained when the threads were 
“cut ’ than when they were produced by a cold rolling 
process. That might be an important factor in the 
correct assessment of the preload in H.S. bolts and it 
was considered that in attempting to produce a 
“standard ’’ to which the bolts and nuts should be 
made careful thought should be given to the methods 
of production and to the tolerance to be allowed during 
manufacture. 


When considering the very high stresses which 
occurred in the first few threads of a nut and bolt 
assembly it seemed remarkable that such an improve- 
ment was obtained in the torque-tension characteristics 
when the threads were treated with tallow as opposed 
to those tested in a dry condition. This would indicate 
that tallow itself was able to withstand very high 
bearing pressures. In Mr. Newsham’s tests even a 
graphite-grease compound did not produce any con- 
sistent improvement in the results. 


With regard to the value of the coefficient of friction 
which was generally used for bolted joints a value of 
as high as 0.55 was obtained with a high strength 
bolted friction joint which had been correctly fitted. 
It was considered that this value would have been even 
higher if a higher clamping force had been used. 


It would appear that whilst high strength bolts may 
be used in a “‘ friction ”’ joint with safety, care must be 
taken when they were used in a “ tensile ’’ joint where 
it was much more important to ensure that the mating 
surfaces should be “‘ fitted ’’, that is there should be no 
gaps between these surfaces, around the areas of the 
bolt holes, as these might produce stress variation 
which would in turn lead to fatigue failures in the 
bolts. 


Reference 
* Erker, Dr. A., ‘“‘ Design of screw fastenings subject to 
repeated stresses,’’ International Conference on Fatigue of 
Metals, Inst. Mech. E. September, 1956. 
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Mr. T. R. GURNEY commented that while much of 
the authors’ paper had been devoted to shear connec- 
tions it must not be overlooked that in a large propor- 
tion of these so called shear joints the bolts carried 
applied tension loading as well as shear. This might 
be due to an actual tensile load as shown in Fig. 3, or 
due to a bending moment as shown in Fig. 4, or to a 
combination of the two. Although there would appear 
to be good reason to expect satisfactory service from 
preloaded bolts in pure shear connections, various 
experimental results showed that the same could not 
unfortunately, be said without reservation of bolts 
which may suffer any applied tensile loading. 


A bolt having a load extension curve as shown in 
Fig. 29 was considered as an example. Theoretically, 
if the actual load in the bolt 7; (= the preload P; + a 
proportion of the external applied load Ry, which 
depended on the stiffness ratio of the bolt and abut- 
ments) did not exceed the limit of p-oportionality 
(L.P.) of the bolt material, the behaviour of the bolt 
would be entirely elastic and preload would be main- 
tained. If, however, under an applied load Ry» the 
actual load in the bolt was Ty, (greater than LP but less 
than yield point) the bolt would suffer a permanent 
set eg and the clamping load would fall to a new value 
Pz. On further applications of the same load Rz the 
bolt should load and unload along the line 4 B, although 
any increase in the applied load R would result in 
further permanent set and more loss of preload. In 
particular, if the load in the bolt rea hed a value 73> 
yield load, a large permanent set would result leading 
to complete loss of preload. Since this yielding was 
partially time dependent it might require a number of 
short duration load applications for this complete loss 
to become apparent. 


But, if the initial preload were taken to a value P4 
in the strain hardening range, an applied load Ry 
would result in an actual bolt load 74 and there would 
be a permanent set e, from the preload condition 
leading to a drop of clamping load to Ps. On further 
applications of the load Ry the bolt might be expected 
to behave elastically along the line CD with no further 
loss of preload, but according to results given by 
Dr. Erker* this was not correct and there was a steady 
loss of clamping load on repeated applications of the 
load R4. 


Mr. Gurney had carried out a limited number of 
tests on ?in. diameter mild steel bolt studs, with the 
shanks turned down to the root diameter. The 
material had a limit of proportionality of approxi- 
mately 16 7/in? and a lower yield of approximately 
23 T/in?. The experimental set-up was outlined in 
Fig. 30. The studs were preloaded by tightening the 
nuts and external loads were then applied. After 10 
applications (each for 15 seconds) of each load the 
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remaining clamping load was measured by electrical 
tesistance strain gauges on the cylinder, and it will be 
seen from Fig. 31 that as the applied load was progres- 
sively increased the remaining clamping load after each 
series of 10 applications decreased until, after applying 
the yield load, all preload was lost. Similar results 
had been quoted by Dr. Erker. 
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It therefore appeared that, before preloaded bolts 
were generally used in connections where they might 
suffer extra tensile loading, some research should be 
carried out to define more clearly their behaviour. 
For the moment all that could be said with any degree 
of certainty was that, if preload were not to be lost, 
the actual stress in the bolt should not exceed the limit 
of proportionality of the material. 


Authors’ Replies to Questions 


Since many aspects of the same subject had been 
raised by several contributors it seemed to the authors 
that the best procedure was to divide their reply by 
subject matter, referring to the points raised by the 
contributors and so avoiding the repetition which 
would result from individual replies. 


Nomenclature 


The authors were unable to agree with Mr. Berridge 
on the term “ High Strength Bolt’ and were unre- 
pentant for the introduction of the term “ High Preload 
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Bolt’. Fundamentally the essential feature was the 
high preload and whether it was achieved by a small 
bolt highly stressed or by a larger bolt less highly 
stressed was irrelevant. It was understood, however, 
that in official circles the term “‘ High Strength Friction 
Grip Bolt’’ was currently gaining vogue and the 
Authors would gladly withdraw their suggested termin- 
ology in its favour. 


The authors apologised for not being explicit in the 
Paper when they used the term “ bolts above yield ” 
and were grateful to Mr. Newsham for pointing this 
out. By the term “ yield load’ the authors meant a 
load sufficient to raise the stress in the “ effective stress 
area’ of the threads to the 0.2 per cent proof stress of 
the material. 


Half Torque Half Turn 


A number of questions had been asked about the 
part torque part turn technique proposed by one of 
the authors. First it should be emphasised that the 
technique was not intended to induce a defined preload 
below the minimum guaranteed yield of the bolt but 
to induce with safety a preload at least equal to the 
actual yield of the bolt. The part torque was simply 
to ensure proper bedding down of the whole joint 
before the part turn was applied. This part torque 
was purely a nominal “half torque’’ and might be 
anything between one-quarter and three-quarters of 
the torque which would be normally applied to tighten 
the bolt using the torque coefficient technique. The 
reason for accepting such a large tolerance could be 
seen in Fig. 15 which was typical of the results obtained 
from tests on studs and bolts of different length and 
diameter. Examination of the limiting torque curves 
showed that the final preload after the part turn (in 
that case three quarters turn) was only slightly affected 
by the amount of torque applied in the initial bedding 
down. Crude and relatively inaccurate devices could 
therefore be used to apply the part torque. Indeed a 
torque spanner might be considered unnecessary and 
the bolts tightened “as tight as possible’ using an 
ordinary erector’s spanner. The part turn was added 
only after the part torque had been applied to all the 
bolts in the joint. A paint mark on -he nut and pro- 
truding threads of the bolt would assist the erector in 
judging the part turn correctly and also permit the 
actual turns of the nut to be subsequently checked by 
an inspector. The part torque part turn technique had 
been applied successfully with # in. to | in. diameter 
bolts having B.S.W., B.S.F. and U.N.C. threads and, 
although they had no experience of that type, the 
authors saw no reason to think it invalid in the case of 
U.N.F. threads. Due to variation in the effective 
stress area of the threads there was some variation in 
the preload for bolts of the same diameter, but in 
all cases the preload was greater than the actual 
yield load. It seemed to the authors that a single 
tool might be used for applying the technique—an 
impact wrench capable of applying the final part turn 
could easily be modified to indicate the part torque. 
This answered points raised by Mr. Terrington, Mr. 
Arch and Mr. Turner. 


Bolts Beyond Yield 


Up to that time the authors had only a limited 
service experience of bolts tightened beyond yield but 
American experience over a number of years had found 
bolts so tightened to be successful. Mr. Creasy 
mentioned that when impact wrenches had been used 
in several successful contracts there had been a small 
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number of bolt failures ; it might therefore be deduced 
that a number of the remaining bolts were tightened 
beyond yield. In passing it might be mentioned that 
the authors were currently carrying out fatigue and 
strain-ageing tests on bolts tightened beyond yield. 


Mr. Brown expressed the fear that since “‘ turn of 
the nut ” techniques developed preloads at least equal 
to the yield such techniques might be dangerous when 
used with straight shank bolts and ordinary hexagon 
nuts. Over fifty tests to failure with straight shank 
and waisted bolts in En.110U, En.16R and B.7a 
quality steels had been carried out by the authors 
and there was no evidence of partial cracking of the 
bolts prior to failure. It was thought that with these 
-steels and high working stresses the chances of arresting 
a crack once started would be slight. As a result of 
early tests, however, it was found desirable with 
En.110U and B.7a steel bolts (0.2 per cent proof stress 
48 tons per sq. in.) to use a chambered nut to prevent 
belling. The “ Roberts nut ” described by Mr. Brown 
has a similar effect plus the additional advantage of 
spreading the load along the threads. This “‘ evening 
out’ of the load had the same effect as waisting the 
bolt in that both relieved the tendency for failure to 
take place about the first or second thread inside the 
nut. The use of a “‘ Roberts nut” with a waisted bolt 
might perhaps be unnecessary. 


With regard to the nut troubles discussed in the 
Paper, one of the authors commented that he had 
experienced in one contract a 2 per cent failure rate due 
to stripping of the threads. In reply to Mr. Turner 
the authors pointed out that the preload was not 
reduced because of thread stripping. With the thread 
finish and lubrication particular to this contract the 
torque coefficient was found to be about 20 per cent 
lower than that which had been supposed, in other 
words, the preload induced by the applied torque was 
higher than was expected. Thread stripping was due 
to this excessive preload. 


Joints Loaded in Shear 


The effect of surface treatment on the coefficient of 
friction, or slip coefficient as it was perhaps better 
termed, was raised by several contributors. The 
authors had not yet carried out tests of this kind but 
Dr. Royston Jones and Mr. Newsham reported the 
results of such tests. Mr. Creasy showed graphs which, 
on analysis, led to a slip coefficient of .45 for clean, 
dry surfaces. One of the authors carrying out tests in 
another field to determine the slip coefficient between 
a spring steel clip and a gantry rail observed slip values 
as high as 1.0. In view of this the authors felt that 
Mr. Newsham might well be right in suggesting that 
larger slip coefficients might be obtained, particularly 
if very high bolt preloads were used together with 
small washers. This remark was quite aside from such 
developments as the introduction of glue-like materials 
between the plies. 


This led to Mr. Palmer’s question concerning the 
effective contact area between the plies. The authors 
could do no better than refer him to Dr. Royston 
Jones’ contribution in which he reported that the 
contact area approximates to that of the washer. 


When discussing joint rigidity under load, Dr. 
Royston Jones reported that the relative movement of 
the plies which occurred before major slip was less than 
.003 in. whilst analysis of Mr. Creasy’s graph shows his 
slip to lie in’ the range .004 in. to .011 in. The authors 
suggested that perhaps these anomalies arose from 
different experimental techniques. Possibly Mr. 
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Creasy’s results included some rotation of the joint, 
as would be the case if the deflections were measured 
over the whole length of the specimen. 


Joints Loaded in Shear and Tension 


Dr. Royston Jones and Mr. Gurney raised the 
question as to the behaviour of brackets carrying shear 
and bending, so subjecting several of the bolts to both 
shear and tensile loads. At the time of writing the 
Paper the authors’ proposal was to use the part torque 
part turn technique for joints carrying shear load only 
but, in introducing the Paper, they discussed develop- 
ment work to be carried out on joints subjected to 
various types of loading including tension. They had 
considered the particular case of the bracket type of 
joint and felt that the proposed technique was still 
suitable. 


They would illustrate their point by considering the 
behaviour of the bolts under tension in such a joint. 
If the part torque part turn technique had been used 
to tighten the bolts the reduced preload when the 
external load was removed would be, taking the 
example quoted by Dr. Royston Jones, approximately 
.90 times the actual yield load of the bolt. If the 
torque coefficient method of tightening had been used 
then the initial preload development in the bolts 
before the application of any external load would be 
only .85 to 1.00 times the minimum guaranteed yield 
load. Since the actual yield was on average 10 to 
20 per cent greater than the guaranteed yield the 
reduced preload after yielding of the bolt would still 
be greater than the initial preload developed by the 
torque coefficient technique. The percentage reduction 
in preload was, of course, a function of the external 
load but since it was customary to design the joint on 
a factor of safety of two against separation, a value of 
10 per cent might be regarded as typical. Thus whilst 
the condition of the yielded bolts in the bracket would 
be no worse than if they had been tightened on the 
torque coefficient technique, the remaining bolts would 
not suffer yielding and would retain their high preload. 
A bracket tightened up using the part torque part turn 
technique would, even after yielding of several bolts, 
still have a greater total preload and hence a greater 
factor of safety against slip. The authors would, 
however, endorse the point that cognisance must be 
taken in design of this loss in preload. 


While the foregoing covered what the authors 
believed to be Mr. Gurney’s main point, they wished 
to comment upon a further point. Even if the stress 
in a bolt was not allowed to exceed the limit of propor- 
tionality there might still be some loss of preload on 
cyclic load application. If there was insufficient pre- 
load to prevent slip and/or separation of the ples, 
fretting between the faying surfaces could cause a 
continuous loss in preload. 


The Design of Joints 


While the authors agreed with Mr. Husband that 
basically the bolted joint served the same purpose in 
structural work as a riveted joint, they deprecated 
any suggestion that the designer should think about 
the bolts as being ‘‘ replacements” for rivets. They 
suggested that such thinking neither significantly 
simplified analysis nor led to the best design. 


At this juncture they felt it might be helpful to 
indicate the design method used by one of the authors. 
Using the part torque part turn technique, the preload 
in each bolt was assumed to be equal to the minimum 
guaranteed yield load. Any joint subject to cyclic 
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shear, bending and/or tension must satisfy the following 
relationships : 


(a) Wy 21S) ee 20 
(b) P< Wola 
where W, = preload in each bolt. 
n = number of bolts in the joint. 


p= slip coefficient, assumed equal to 
0.4. 


S = total external shear load on joint. 
P = total external tensile load on joint. 


p = the maximum tensile load on any 
bolt in the joint. 


When discussing American practice it was stated in 
the Paper that if a rivet was replaced by a bolt of the 
same nominal diameter the factor of safety against 
slip was about 1.6. In reply to Mr. Brown the authors 
stated that the shear capacity of the rivet was cal- 
culated on the diameter of the rivet and not on the 
diameter of the hole. It would also be seen from 
Table 4 of the Paper that the proof stress of the bolt 
varied from 38 tons per square inch for a 2 in. diameter 
bolt to 33 tons per square inch for a 1}in. diameter 
bolt ; an average proof stress of 36 tons per square 
-nch was therefore used. 
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Torshear Bolts 

The authors agreed with Mr. Berridge as to the 
simplicity and neatness of the Torshear bolt. Here an 
attempt had been made to induce a preload which was 
related to the actual proof stress of the bolt, as the 
torque applied to the nut was a function of the shear 
resistance of the grooved shank of the bolt. Since 
the preload was, however, dependent upon thread 
finish and lubrication the authors suggested that, even 
for bolts of the same proof stress, the preload might 
still be subject to considerable scatter. The authors 
endorsed the point made by Mr. Turner that, due to 
the loosening of previously tightened bolts the complete 
tightening of one bolt at a time was a poor way of 
tightening a group of bolts. The Torshear bolt could 
be first partially tightened to bed the joint down but 
it must be borne in mind that once the bolt had sheared 
the elegant power tool could not be used for further 
tightening. 


Future Development 


In conclusion the authors endorsed most whole- 
heartedly the suggestion by Dr. Royston Jones that 
a symposium be arranged for interested parties to 
discuss the future development of this new technique. 
Such a symposium might possibly be organised under 
the aegis of the Institution and would seem both 
timely and extremely valuable in this year of the 
50th Anniversary of the Institution. 


Book Reviews 


Dynamic Instability by Y. 
Crosby Lockwood, 1957). 
saipp: “Price 45s: 


Rocard. (London : 
8$in. xX 54in., 227 plus 


This book contains a detailed mathematical treat- 
ment of certain dynamic instability problems in road 
vehicles, aircraft and suspension bridges. Structural 
engineers will naturally be most interested in the last 
mentioned problem to which 94 of the 218 pages of 
the text are devoted. 


The spectre of the Tacoma Narrows Bridge must still 
loom large in the minds of those responsible for the 
design of large suspension bridges and to them Professor 
Rocard’s lucid and comprehensive analysis will be of 
great interest and importance. : 


In the opening chapters the author discusses the 
underlying theory of oscillations, including coupled 
oscillations which are of particular importance in 
relation to suspension bridges. In the section on 
suspension bridges the various modes of oscillation are 
examined in relation to the aerodynamic effects which 
are likely to excite them. Certain of the theoretical 
results are applied to the Tacoma Narrows Bridge 
and in general the observed behaviour of this bridge 
confirms the expectations of the theory. The effects 
of structural damping and of tower deflections are 
also examined. There is a brief review of American 
work on the subject but there is no reference to the 
considerable amount of theoretical and experimental 


work which has been carried out in recent years by 
Selberg, Frazer, Scruton and Pugsley on this side of 
the Atlantic; the author, however, does not claim 
completeness for his bibliography. 

The book has been translated from the original 
French by Mr..M. L. Meyer of the University of 
Sheffield who has succeeded admirably in preserving 
the author’s clarity of presentation. 


Laboratory Testing in Soil Engineering by T. N. W. 
Akroyd. (London: Soil Mechanics Ltd., 1957). 
10in.. X 74,n.,,.233 plus xx-pp. Illustrated. _ Pace 
30S. 

This book describes a procedure for testing the 
engineering properties of soils evolved in the labora- 
tories of the firm of Soil Mechanics Ltd. over a number 
of years, and incorporates many ideas from other 
laboratories and from workers in other countries. A 
very comprehensive series of tests is described, com- 
prising moisture content tests, index tests, sizing 
analysis, comprehensive shear tests, direct shear box 
tests, consolidation tests, permeability tests, compac- 
tion tests, the California bearing ratio test, and soil 
stabilisation tests. 

The book is well produced on good paper and with 


clear type and illustrated by thirty-two plates and’ 


thirty diagrams. The apparatus required for the 
various tests is listed in an appendix, and a bibliography 
concludes the volume. 
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The Problem of Mechanical Handling in 
Building Operations* 


Discussion on the Paper by J. F. Eden, B.Sc.(Eng.), M.I.Mech.E., 
and D. Bishop, A.M.I.C.E., A.R.LCS. 


THE PRESIDENT, introducing the authors, said that 
the paper was the result of the combined efforts of a 
mechanical anda civilengineer. Their work illustrated 
the valuable way in which the Building Research 
Station, like so many research establishments, had 
extended its operations since the war. 


The meeting looked forward very much to the 
presentation of the paper, and to a film which illus- 
trated mechanical handling in building operations. 


Mr. EDEN presented the paper, which, he said, was 
not a research paper, but concerned the selection of 
plant for mechanical handling. 


METHOD *s' 


CONSTRUCTION OF 12 STOREY BLOCK OF FLATS 
STRUCTURE WHOLLY OF IN-SITU CONCRETE AND BUILT 
WITH A SKIP HOIST 


could not be disclosed by any direct comparison of 
handling costs, and that estimates of the cost of the 
whole job, prepared from preliminary programmes of 
the type shown in Tables I and II were necessary. 
Bearing in mind however the inexact character of such 
estimates, some appreciation of the effect of likely 
errors was advisable before a decision was taken. In 
this respect, other representations were useful. Thus 
the histograms at the top of Fig. 7 showed the same 
estimates, giving the day by day expenditure on labour 
and plant. These disclosed the relationship between 
plant and labour costs and the shape was informative. 
Thus the total plant and labour costs, as depicted by 
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CONSTRUCTION OF 12 STOREY BLOCK OF FLATS. 
STRUCTURE PARTIALLY OF PRECAST CONCRETE ANO BUILT 
WITH A TOWER CRANE 


Uf / CORT PER MAN = € 16 oER wOEK 


77 COST OF 33 = 
“fom 24 WEEKS 


COBY OF LABOUR 
£ 
PUR WOeK 


€ 
PER weeK 
———— 


COBT OF PLANT 
4 


¥ i EET 


£13790 


SUMS INDICATED ON OUTLING PROGRAMRLES 


ERECTION OF THE SUPERETRUCTURC 
os 
° 
° 
° 


CHARGES FOR PLANT AMD LABOUS FOR THE 


Fig. 7 


He illustrated it by means of his film and a series of 
lantern slides. Mr. Eden emphasised that the effect 
which handling plant could have on reducing costs 


* Read before the Institution of Structural. Engineers at 11, 


~ Upper Belgrave Street, London, S.W.1., on the 27th February, 


1958. Professor Sir Alfred Pugsley, O.B.E., D.Sc., F.R.S., 
M.I.Struct.E., M.I.C.E., F.R.Ae.S., (President) in the Chair. 
Published in ‘“‘ The Structural Engineer,’ Vol. XXXVI, No. 2, 
pp. 61-72. (February 1958) 


the area between the two curves, was more seriously 
affected by the additional men on the site than by the 
job taking a few days longer, if the histogram was 
long and shallow, whereas a shorter, squatter histogram 
as method B was more sensitive to variation in duration 
of the contract than to other factors. 


In both these examples it was clear that labour 
costs predominated so that a useful question was 
‘“ How far am I likely to be out in my estimates of the 
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number of men on the site, and the length of the cycle 
time, in each case ?”’ 


If limits of inaccuracy could be estimated, the 
effect of variations within these limits could be shown 
by drawing charts as described by McIntish in the 
Magazine of Concrete Research for December 1949. 
Comparable ‘‘ Carpet Graphs ” of this type were shown 
under the histograms. These showed exactly what 
must be achieved in terms of numbers of men and 
duration of contract for one method to show an 
advantage over the other, and also, in practical terms, 
of number of men and number of days, the latitude 
which could be allowed in either estimate. These 
pictures did not give answers, but helped a man to 
use his judgment to better effect. 


Vote of Thanks 


THE PRESIDENT expressed the thanks of the meeting 
to the authors for the most interesting way in which 
they had introduced their subject. Academic people, 
he said, were largely interested in design rather than 
construction, and the authors’ presentation of their 
paper had been very educative. 


Discussion 


Mr. E. U. BROoADBENT first expressed his own 
appreciation of the authors’ very good paper, an 
eminently practical one, at any rate from the point of 
view of the contractor. It gave a very fair statement 
of the difficulties facing the contractor in trying to 
evaluate the relative costs of different ways of doing 
things, and it gave proper emphasis to two things. 


The first was the distinction between the manufacture 
and the assembly of parts of a building.. Probably 
there was no industry which combined manufacture 
with assembly in the sense that the building industry 
did; he did not know any other industry where the 
_bits were assembled on the site to the same extent. 
Whilst quite clearly the time was a long way ahead 
when we could separate them completely, there were 
advances to be made in keeping manufacture off the 
site. 


He preferred to treat with reserve some of the things 
he had seen in the film. It implied we could have 
bigger and bigger units and could get them cheaper 
and cheaper. When he had seen a gantry crane 
lowering a floor he had wondered on how large a scale 
contracts would have to be to make the scheme any- 
thing but wildly uneconomical. 


He agreed we could not apply ordinary estimating 
methods to evaluating the savings effected in such 
work, but it was possible to go too far in the other 
direction. In applying considerations of the total 
time and the total value in the job, we must also give 
a great deal of thought to the amount of work that 
was involved before we could justify an investment on 
the scale of some of the plants illustrated by the authors. 


Mr. Broadbent said he was fortunate enough to have 
had some little experience of the value of dissociating 
manufacture from assembly in the scheme at Picton 
Street, which was referred to in the paper, where his 
firm were able to do that to some extent. They precast 
all their floor units and balcony units and all the 
cladding panels, and because the designer was able to 
design the whole thing as an integrated operation, with 
a certain method of construction in mind, they were 
able to equalise the loads on the various items in the 
structure, with the result that they achieved very 
good utilisation of their plant, not only in terms of the 
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number of lifts, but also of the number of tons lifted 
per hour. That was an important thing to remember. 


As the authors had emphasised more than once, we 
were not dealing purely with the problem of how to 
erect a building on the site ; we were right back in the 
field of design, and it was from the first conception of 
the design that the ground was laid or the seeds were 
sown for successful mechanisation on the site. If the 
design fell down in that respect, no amount of effort 
on the part of the contractor who was erecting the 
building could lead to satisfactory results. 


The remark had been made by Mr. Bishop, when 
describing the Sundh system, that Mr. Sundh had 
redrafted the design to suit the system of erection, 
but why did not the architect draft the design to suit 
Mr. Sundh’s system ? 


Finally, Mr. Broadbent asked if the authors could 
say whether calculations had been made as to the 
volume of work required to make the various systems 
economical, for it seemed to him that they had gone | 
into very great detail in connection with very large 
schemes and had rather neglected the small schemes. 
We wanted means of doing a good job with the smaller 
schemes also. 


Mr. F. J. SAMUELY (Member) enlarging on one or 
two of the points mentioned, said that knowledge of 
mechanical handling was essential for the design of 
any structure, particularly where precast concrete was 
concerned. 


A completely precast building could’ easily cost 
10 per cent too much if mechanical handling was not 
properly thought out. It was -absolutely necessary 
that the designer should know all about the possibilities 
of mechanical handling, and where it was possible it 
was very wise for him to consult the contractor before- 
hand. The cost of crane handling could in many ways 
be kept to a minimum. It was essential to avoid 
cranes standing idle for considerable periods, and 
proper design could help to reduce to a minimum the 
time necessary to place each part of the structure into 
position, so that the crane could be used immediately 
for the next unit. It was quite obvious that the 
maximum efficiency could be achieved if the plant 
were in use for the maximum time. He felt that, just 
as the designer put on to paper his ideas of what the 
structure should be, he should also indicate on paper 
how it was to be erected. Then, although one must 
allow the contractor to use a different system if he 
wished, there was one ready for him to adopt. 


A great number of contractors had not adjusted 
themselves to mechanical handling. In his own 
expetience there were cases in which cranes had been 
standing idle for 90 per cent of their time and where 
it was actually necessary to explain to the contractor 
that he had expensive and modern tackle which he 
must learn to handle. Therefore, Mr. Samuely pleaded 
that general knowledge about mechanical handling 
should be disseminated widely. Today we were only 
beginning to erect precast concrete structures, and 
there remained very much more to be done. 


Mr. C. D. MITCHELL, referring to illustrations shown 
in films, commented that the engineer’s concept of a 
building was not always the architect’s and we had 
got to bear in mind that what pleased the engineer 
would not necessarily please the architect; the 
architect would have his ideas of prefabricated types 
of buildings. In this country we were not accustomed 
to the standardisation of buildings, we liked things to 
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differ and therefore when prefabricating we designed 
the larger pieces a little smaller than perhaps those 
featured in Continental contracts. This gave us great 
flexibility. 

He considered that mechanical handling was for the 
contractor an extremely interesting and challenging 
problem. The introduction of the tower crane had 
revolutionised building in this and other countries and 
Mr. Eden and Mr. Bishop had pointed out that it gave 
rise to the need for a new kind of thinking. It meant 
that, if we wanted to achieve maximum efficiency, we 
could no longer indulge in the luxury of out of date 
tendering methods. The new ways of erecting multi- 
storey buildings made it necessary to plan the work 
properly and to call in a specialist contractor at an 
early date, preferably to play a major part in the 
design. Also, mechanisation was a great aid to the 
workmen, who were very pleased to work with the new 
methods. Those methods were very good from 
everyone’s point of view and would undoubtedly lead 
to new forms of building. 


He would like to congratulate the authors upon 
their paper and in particular for the excellent work in 
this field undertaken by the Building Research Station. 


Mr. F. R. BULLEN (Hon. Treasurer) confessed that 
when he began to read the paper he had the feeling 
that the prime object of erecting a building was to 
enable plant manufacturers to find a use for their 
plant ; he had felt that the emphasis was on the good 
of the manufacturers rather than on the good of the 
man who was trying to erect the building. Also he 
had the feeling that the things that were said about 
designers were not quite as true as they might seem 
to be. 


Nevertheless, as he continued to read the paper he 
felt that the authors had drawn attention to a most 
important point ; it was vital that those whose job it 
was to design should know what plant was available 
and what methods there were by which buildings 
could be erected. So that, whilst he joined issue with 
the authors over the way in which they had presented 
the point, he agreed with them that it was necessary 
for designers to know more about construction methods. 


Referring to the “ utilisation factor’’ Mr. Bullen 
said he gathered that it meant the proportion of time 
during which the plant was usefully employed, as 
against the time it was standing on the site. That 
factor was a good deal less than 1, and the authors’ 
purpose was to raise it as near to 1 as possible. It 
seemed to him that one aspect was the right choice 
of plant in the first place. It was no use saying that 
the design was bad if the choice of plant was bad, and 
he felt that there was something to be said for the 
education of contractors as well as of designers. There 
was a good deal to be said for contractors giving more 
thought to the choice of plant in the light of the design 
of the structures they were asked to build. 


One of the photographs in the paper was of a job 
for which he was responsible, and he ventured to show 
a diagram. ; 


He pointed toa circle of 60 ft. radius, whichrepresented 
the radius of one of the Pingon tower cranes ; it stood 
in the lift well of the block of flats, which was of 
“aeroplane’’ shape. The layout at this site was 
particularly good. He pointed to the positions of the 
crane and of the concrete mixer, the latter being fed 
by the sort of scraper referred to in the paper from the 
ballast heap, and also to the position of the cement 
silo, containing cement in bulk. There was one space 
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REINFORCEMENT 


BRICK STACK 


QUANTITIES FOR ONE BUILDING. (APPROXIMATE. 
@ AREA OF EACH FLOOR. 4000 FT SUPER 
PER FLOOR 


@ WEIGHT OF REINFORCEMENT. 12 TONS 
@ VOLUME OF CONCRETE. 90 YDS.CUB. 
@ AREA OF SHUTTERING. 8OO YDS, SUPER. 


2 MINS LAPSE (APPROX) BETWEEN LOADING CRANE 
& PLACING OF MATERIALS IN REQUIRED POSITIONS 


Fig. 8—Typical arrangement of Plant and Materials 
for continuous feeding of Crane. 


for stacking bricks, another for hollow blocks and 
another for reinforcement. There were 10 floors above 
ground, the area of each being about 4,000 sq. ft., and 
the quantities of materials in each were approximately 
12 tons of reinforcement, 90 cu. yds. of concrete and 
100 sq. yds. of shuttering. The whole structure was 
cast in situ and the construction of each floor occupied 
exactly two weeks. 


In that connection he referred to an office building 
which was constructed a year or two ago. It was 
very largely precast, covering about the same area as 
the block of flats, and the corresponding operation 
there occupied about two weeks. Again, at the 
Grosvenor House Hotel, where a combination of precast 
and cast in situ work was used, two weeks was the time 
required per floor. It seemed to follow, therefore, 
that, no matter how big or how small the area of a 
building might be whether precast or cast-in-situ, 
about two weeks were required per floor, say 10 working 
days and perhaps an extra day. 


Mr. Bullen showed a photograph of one of the 
blocks of flats with another block in the background, 
and pointed to the crane on each, His purpose in 
showing this slide was to draw attention to a factor 
which might lead to improved production; it was 
possible to set one block against the other in regard to 
speed of construction, and indeed the work had been 
referred to as the Treverton Stakes. He suggested 
that there might be something in that psychological 
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factor in increasing the speed of construction and, 
therefore, improving the utilisation factor of the plant. 


Another view was shown because it illustrated in 
the foreground one of the problems with which the 
structural engineer was faced. The structural engineer 
having. very carefully arranged his details so that 
everything was repetitive from floar to floor, said Mr. 
Bullen, others required provisicn for large electrical 
conduits, some wanted large holes for various fittings, 
some wanted provision for rainwater pipes, and some 
wanted other things. All those requirements created 
difficulties which the structural engineer had to over- 
come and still retain the repetitive features. 


The next illustration showed one of the frames very 
nearly finished. Mr. Bullén used the picture to draw 
attention to a point arising out of a comment by one 
speaker. The crane was supported within one of the 
lift shafts. He had wondered, when the speaker had 
said there was some advantage in precasting the lift 
shaft, how this could be done when using the lift shaft 
to carry the Pingon crane. Further the lift shaft was 
one of the main elements in taking up the wind stresses ; 
so that if'the design were changed to.precast all the 
wind resistance would have to be put into the vertical 
columns, the: size of which, presumably, would be 
much increased. Therefore it did seem possible to 
have both advantages. 


Mr. R. A. INGLis (Associate-Member) said that, as 
a structural engineer, he wanted to rush to the assist- 
ance of architects, because in the mechanised production 
of buildings he felt we could under-stress the importance 
of the aesthetic considerations of design. In reality 
the appearance of things was very important to the 
general well being of people. He hoped that in the 
transition from the present relationships between 
design and production to those implied in the mechanis- 
ation of building construction such as had been so ably 
described that evening, aesthetic considerations would 
be borne properly in mind. 


Secondly, the inference to be drawn from the 
processes described was that only by large scale 
production and continuity could the best results be 
gained from full mechanisation. We wanted to be 
able to produce quickly all the buildings we needed 
so urgently and therefore the “‘ Stop-Go”’ processes 
which we had experienced since the war would prevent 
the proper realisation of such developments. It was 
most important that both Government and Local 
Authorities should appreciate the vital need for 
continuity in their.building construction programmes. 


Mr. W. PaszKowsxI (Associate-Member), speaking 
as a consulting engineer, made the following points : 


1. The cost of reinforced concrete structure today 
was influenced mostly by the high cost of labour and 
shuttering—at least if the costs of materials like steel, 
aggregate and cement were reasonable. Therefore the 
majority of methcds in use for the erection of precast 
concrete aimed to reduce the cost of labour and shutter- 
ing. 

2. Mechanical handling in building operation reduced 
labour costs and time of construction, provided that 
design and site organisation incorporated every aspect 
of mechanical handling. 


3. While the film shown illustrated the problem of 
mechanical handling, it did not present the best 
available practice in methods of construction of precast 
concrete. 


4, Methods of precasting of reinforced concrete 
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structure should not. only simplify fabrication and 
erection but also provide good finishes, so that addi- 
tional work such as plastering might be eliminated. 


5. In some continental countries economy in con- 
struction was expressed in terms of a labour index 
and a shuttering index. The labour index represented 
the time taken for the erection of one unit of volume 
of building. For instance in Sweden 3 man-hours was 
used for the erection of 1 cubic yard of building. 


The shuttering index expressed the consumption of 
timber in the erection of 1 cubic yard of building. 
In Sweden only 0.0015-0.01 of a cubic yard of timber 
was used for the erection of a cubic yard of building. 


6. Several methods for the construction of precast 
concrete had been developed both here and abroad 
and perhaps the best of these at present was practised 
in Sweden, where climate and very high wages had been 
mainly’ responsible for the extensive research in this 
field. A careful study of site organisation and con- 
clusions drawn from long experience was incorporated 
in present practice. 


~ All the methods were directed towards two common 
aims : firstly, to reduce cost of labour and shuttering 
and secondly, rapid construction by means of modern 
equipment. A weakness of precast concrete, of course, 
was in the joints, and wet joints were usually provided. 
Because of heavy wind loads nominal reinforcement 
was provided, not only on vertical joints but also on 
the horizontal. 


7. A recent trend in the search for economy, both in 
this country and abroad, was rather to, compromise 
between precast and in-situ concrete. Ifa design was 
prepared in such a way as to incorporate simple units, 
then unit-type shutters which could be re-used and 
mechanically handled would provide an alternative 
economical means of construction. 


8. Two principal methods had been developed for 
the construction of precast concrete : 


(1) precast concrete in small prefabricated units 
weighing up to .7 of a ton, and 


(2) construction of larger units up to 10 tons in 
weight, usually precast on site, oc at gravel pits 
provided these were no more than 20 miles from site. 


In some countries, especially in Sweden, a present 
trend was to eliminate the use of beams and columns 
in favour of a panelling system of slabs and walls. 


Mr. BisHop, replying to the discussion, first en- 
deavoured to clear up what appeared to be a misunder- 
standing. It was not the authors’ intention, he said, 
to criticise designers; they had hoped the paper 
would provoke a discussion in which contractors 
would state their views in an assembly of designers. 
They had tried to put before the meeting the important 
factors—continuity of work, simplicity, and clarity of 
the structural concept—which affect the costs and 
charges of mechanised operations. They were not 
proposing that designers did not know their job, he 
was sure they did, but the intention of the paper was 
to ask, why not look at this other aspect of the work ? 


He then answered the various points of detail raised. 


Utilisation of plant was a useful measure both of 
the essential simplicity of the construction and of the 
employment of plant. If, he said, the design of a 
building was such that operations followed each other 
in broken sequence so that the contractor had to do 
a bit of each at a time, there must be some slack in the 
programme much beyond what one imagined would 
be the normal time. If there were no slack there 
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would be a queueing problem. If, however, the 
system of construction was such that the contractor 
could deal completely with each operation in succession, 
organisation of work was much more simple. The 
authors had tried to bring before the meeting the con- 
cept of the utilisation factor. Generally, where there 
was a composite design the utilisation factor would be 
much lower than where there was'a simple design. 
In fact only one set of observations had been taken 
with a crane fitted with recorders and these indicated 
a 50 per cent utilisation during the construction of a 
multi-storey building with a column and beam frame. 


The example of construction quoted in the paper, 
using a hoist, was actual. It had a broken sequence 
of operations and, taking this into account, the con- 
tractor was doing quite well. The stair-well took a 
long time, partly because of the design of the stairs 
themselves, and in the alternative solution the flights 
of stairs were precast. 


Expressing agreement with Mr: Bullen concerning 
the influence of holes in concrete on the cost of con- 
struction he said that one of his colleagues had studied 
this problem in detail and had found that the cost was 
proportional to the number of holes which in some 
jobs had a greater influence than the area of shuttering. 
In particular, on one apparently ordinary job where 
the contractor had estimated a reasonable price for 
concreting, details such as holes had caused the actual 
cost to be £16 instead of an estimated {6 per cu. yd. 


With regard to the example shown from Sweden it 
was chosen because the originator had made a conscious 
attempt to provide a continuity of work for all gangs 
by separating fabrication and erection and had also 
simplified the services and finishings. 


Incidentally, Mr. Bishop continued, in Sweden the 
very large variety of special types of buildings was 
very invigorating. There they seemed to be able to 
build quite successfully very many novel structural 
designs. But whereas the rate of wages in England 
was nominally 4s. per hour, the rate of wages in Sweden 
was, roughly, 12s. per hour. Thus savings in cost of 
labour and speed of erection could offset the cost of 
plant. If 12s. per hour was paid for wages or, as in 
America, 30s. per hour, more plant could be employed 
because the possible savings in man-hours were more 
important. ' 


Summing up comments made in the rest of the 
discussion, he said that perhaps in one way the authors 
had tended to advocate building in large units. The 
examples selected attempted, more or less successfully 
to provide the conditions which made large scale 
mechanisation possible. Fabrication and erection were 
separated and each gang was given a steady run of 
work. Moreover each system embodied in fabrication 
some of the work of the finishing trades. And, as an 
incidental advantage these methods imposed a very 
strict discipline on both the designer and contractor 
ensuring that the functions of both were thought of as 
a whole. Whilst suggesting that designs based on 
large, loadbearing panels might prove fruitful the 
authors did not, however, imply that it was impossible 
to gain equal advantage with in-situ concrete. 


Mr. Bishop continued, these systems of construction 
using large panels were in use in several different 
countries, apparently in open competition with tradi- 
tional methods. On examination, however, there 
were special circumstances in each which justified and 
explained the use of highly mechanised systems of 
construction. 


In America a very large number of standard ware- 
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houses and the like had been built cheaply of precast 
concrete units. The programme of construction was a 
consequence of a sustained demand by the armed 
services for standard buildings of simple design which 
naturally lent themselves to prefabricated construction. 
During the past few years a bewildering variety of 
designs had arisen in France... Their inception had 
been a consequence of a planned increase of threefold 
in the rate of construction in a few years with a resulting 
shortage of craftsmen and direct action. by the Govern- 
ment to make it. to the contractors’ advantage to use 
mechanised methods of work. In Russia, where a 
considerable volume of work was carried out by these 
means, the long winter, a shortage of skilled labour, 
and a planned programme of building all led to 
mechanised systems of construction. In this country, 
Mr. Bishop said, although our dwellings were largely to 
a standard design and a continuous run of work was 
given by local authority housing, the relationship 
between the cost of labour and of plant and therelative 
cost of materials were such that a definite answer could 
not yet be given as to the probable economy of these 
methods in a free market here. This and the optimum 
rate of production were some of the questions which 
he and his colleagues were examining. A critical 
factor in such comparisons was the number of years 
over which the cost of plant was amortised and different 
choices could well reverse the result of any analysis. 


Mr. Inglis had, quite properly, drawn the attention 
of the meeting to aesthetics and architectural con- 
siderations. The speaker believed, however, that in 
the past architecture had arisen directly out of tech- 
nique and not vice versa. Therefore, if a structure 
represented an honest and not an artificial solution to 
a problem, the foundation should be laid for successful 
architecture. 


There was a definite difference between an estimate 
prepared in a contractors’ office for the purpose,of a 
tender and estimates made to compare one system 
with another. If a contractor worked precisely from 
job to job he would have to have a detailed feedback 
of experience into his estimators’ office, which very 
few had; contractors, he suggested, estimated within 
the limits of their general experience to yield an equal 
profit from year to year. If, however, one was making 
a definite comparison one had to go back to basic 
thinking, to proceed step by step and to consider the 
consequence of each step. He believed the best way 
to do that was by preparing a programme of work. 


Mr. Bishop, in conclusion, stressed three points for 
consideration of designers. 


Firstly there was a great deal of difference between 
forms of construction defining a broken sequence of 
operations and others which allowed each operation 
to be kept away from that following it. The authors 
considered the first step towards mechanisation was a 
reduction in the number of operaticns essential for 
construction rather than the development of complex 
machinery. " 

Secondly he urged designers not to seek economy in 
prefabrication by the elimination of a proportion of 
the work of a traditional trade. They might cut out 
two-thirds of the work but the saving in the cost of 
labour would be only a fraction of this. If the work of 
the traditional trades was to be eliminated by alterna- 
tive methods the rule should be all or nothing. 


Finally the use of plant would not work miracles. 
The effectiveness and economy of plant use was largely 
determined by the designer, on the drawing board. 
Given a suitable design mechanisation of building 
would yield a real saving in cost. ~ 
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THE PRESIDENT, on behalf of the meeting, thanked 
the lecturers for having engendered such an interesting 
discussion, and Mr. Bishop for the interesting way in 
which he had replied to it. 

In a comment on Mr. Bullen’s remarks on the pro- 
vision of holes in structures for conduits and various 
other things, the President referred to the cost of 
holes in structures. In the pressure cabins of aero- 
planes millions of pounds must have been spent on 
making holes to provide fleeting views for passengers. 


Coming back to the lecture, he said the meeting 
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had heard the rumblings of major new developments in 
the building of large office buildings and blocks of 
flats. He supposed the authors would hope that we 
were watching the beginnings of a mechanical engineer- 
ing revolution in construction work, as we had experi- 
enced already in civil engineering. But he had a feeling 
that at any rate the older members and visitors, when 
thinking about the matter on their way home, would 
thank God for their country cottages ! 


‘Again he thanked the authors very much indeed for 
the mdnner in which they had dealt with their subject. 


Institution Notices and Proceedings 


SPECIAL JUBILEE ISSUE OF 
“THE STRUCTURAL: ENGINEER: 


To mark the Fiftieth Anniversary of the Institution, 
an extra number of “ The Structural Engineer ”’ will 
be published on the 21st July, 1958, and will be avail- 
able to subscribers in all parts of the world, price 
10s. 6d., on application to the Institution of Structural 
Engineers, 11, Upper Belgrave Street, London, S.W.1. 


One copy of this Special Jubilee Number will be 
issued free to every member of the Institution and 
also to all official Delegates to the Anniversary Con- 
ference to be held in October. Members may obtain 
additional copies at the published price on application 
to the Secretary. 


The contents of the Jubilee Issue, which numbers 
196 pages, fall into two parts, the first containing 
information concerning the Institution—its progress, 
ramifications and work. The second part, entitled 
“ Fifty Years of Structural Engineering,’’ comprises 
a series of technical articles by eminent members of 
the Institution. The President, Professor Sir Alfred 
Pugsley, O.B.E., F.R.S., contributes an introduction 
to the technical section and the subjects covered in- 
clude Structural Engineering Research, Theoretical 
Analysis, Foundations and Sub-structures, Dock Struc- 
tures, Dams and Retaining Walls, Concrete Making, 
Reinforced Concrete Structures, Design of Steel Frames 
for Buildings, Construction of Steel Framed Buildings, 
Bridges, Timber Construction, Aluminium Structures, 
Composite Construction and Clay Products and 
Brickwork. 


PEPTIETEH ANNIVERSARY CONFERENCE 


Members of the Institution will have received 
particulars of the Fiftieth Anniversary Conference 
which is to be held in London on the 7th to 10th 
October, 1958. It would be greatly appreciated if 
those wishing to take part in the Conference would 
complete and return as soon as possible the Registration 
Form which was enclosed with the Programme. 


Official delegates from technical bodies in many parts 
of the world are attending the Conference. This will 
commence on Tuesday evening, 7th October, with a 
Reception at Londonderry House, Park Lane, by 


Mr. G. S. McDonald, who will be installed as President - 


of the Institution on the 2nd October, 1958. The 
Technical Sessions will be held on the mornings of 
Wednesday, Thursday, and Friday, 8th-10th October. 
Tours of engineering interest will take place. Alterna- 
tive tours and visits of general interest are available 
and the programme includes a variety of social functions 


and entertainments. The Conference will end with a 
Banquet and Dance at the Dorchester, Park Lane, on 
Friday, 10th October. 


The technical Sessions will be held at the Institution’s 
Headquarters, 11, Upper Belgrave Street, London, 
S.W.1., and also by courtesy of the Council of the 
Institution of Naval Architects in their premises in 
the adjoining building. The Lord Mayor of London, 
Sir Dennis Truscott, will give the Opening Address 
on Wednesday morning. Copies of all technical papers 
will be issued in advance to all registered participants 
in the Conference. In each session, all the papers will 
be briefly presented by one Reporter so as to allow 
the maximum possible time for discussion. Delegates 
and Conference members desiring to speak in the 
discussion are requested to submit their names before 
the meeting. At the end of each session the authors 
will be given the opportunity to reply briefly to the 
points raised. More detailed written replies may be 
incorporated in the Final Report to be published later. 
The technical papers cover a wide range of subjects 
and a list will be published in our next issue. 


The Secretary of the Institution will be pleased to 
send additional Registration Forms to members on 
application. Others interested in the Conference 
are invited to apply to the Secretary at 11, Upper 
Belgrave Street, London, S.W.1., for copies of the 
Programme and Registration Form. 


ORDINARY GENERAL MEETING 


An Ordinary General Meeting of the Institution of 
Structural Engineers was held at 11, Upper Belgrave 
Street, London, 5.W.1., on Thursday, 22nd May, 1958, 
at 5.55 p.m. Professor Sir Alfred Pugsley, O.B.E., 
D.Sc.(Eng.), F.RiS., M.UStract. Ez, MLC E., F.RoAeS: 
(President) in the Chair. 


The following members were elected in accordance 
with the Bye-Laws. Will members kindly note that 
the elections, as tabulated below, should be referred 
to when consulting the Year Book for evidence of 
membership. 


STUDENTS 


GAGE, Roger Anthony, of North Harrow, Middlesex. 
GLAVES, John Joseph Thomas Hewitt, of Derby. 
HowarbD, Douglas John, of Sidcup, Kent. 

MaTLas, Dhia Abdul Latif, of London. 

OpiaM, Alan Richard, of Johannesburg, South Africa. © 
Simpson, Alan Jeffrey, of Scunthorpe, Lincolnshire. 
Wi.tcocks, Anthony John, of Woking, Surrey. 
Witson, Kenneth Owen, of Wellington, New Zealand. 
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GRADUATES 


ABREU, Benjamin Cyril, of Bombay, India. 
BuoeGal, Ajit Singh, of Mombasa, Kenya. 
BINDER, Alexander, of Bulawayo, Southern Rhodesia. 
CHATURVEDI, Narayana Rao Ramachandra, B.E. 
Mysore, of Bangalore, Mysore State, South India. 
CoopeER, Michael Lloyd, B.Sc. Nottingham, of Rich- 
mond, Surrey. 

DUuFFELL, James Roger, of Quorn, Loughborough, 
Leicestershire. 

Gay, Peter, B.Sc. London, of Stanmore, Middlesex. 

GOEL, Harish, B.Sc. Agra, M.Sc. Agra, of Roorkee, 
U.P., India. 

HaAzzarpD, Anthony Oliver, B.Sc. Leeds, of Brentwood, 

_ Essex. 

Husatn, Syed Israr, of Jhelum, W. Pakistan. 

JouHNSON, Roger Paul, B.A., M.A. Cambridge, of 
London. 

KEYMER, Keith Stuart, of London. 

LovEGROVE, Douglas John, of Victoria, B.C., Canada. 

McDoweE tt, Alan, of Workington, Cumberland. 

MAHENDRAN, Chinniah, of London. 

Menta, Hasmukh Shantilal, of Ahmedabad, India. 

MULLER, John Roman, B.Sc.(Civil) Rand, of London. 

Ne, Lin-Hing, D.I.C., of London. 

OKOYE, Stephen Nwafor, of London. 

OLIVER, Jack Lewis William, of Orpington, Kent. 

RajeE, Arvind Ganpatrao, B.E.(Civil) Poona, of 
Kymore, India. 

Tso Kat-Sum, B.Sc.(Eng.) Hong Kong, D,I.C., of 
London. 

WALL, Denis Vincent, B.E.(N.U.I.), of Dublin, Eire. 


ASSOCIATE-MEMBERS 


ALLAS, Leo, of Pitt Meadows, B.C., Canada. 

DANIOLOS, Yani (Jean M.), of Mombasa, Kenya. 

Ho Hon Cuu, of Hong Kong. 

ISMATULLAH, Chaudhry Mohd., of Sialkot, West 
Pakistan. 

Komal, Mulkraj, of Banaras, India. 

MILLER, Michael Jenner, B.Sc.(Civil) Birmingham, of 
Scarborough. 


MEMBER 


CONNELL, John William, of Melbourne, Victoria, 
Austraha. 


; TRANSFERS 
Students to Graduates 


ByRNE, James Patrick, of South Harrow, Middlesex. 

CHOO YuT SHING, of Singapore. 

Fozzarp, John, of London. 

GARRETT, Maxwell John, of Brentwood, Essex. 

GonsaL, Dugald Trystan Julius Herbert, of Colombo, 
Ceylon. 

JHAVERI, Babubhai Chimanlal, of Bombay, India. 

Lea, Norman Watson, of Mt. Wellington, Auckland, 
New Zealand. 

Noste, Alfred Henry, of Johannesburg, South Africa. 

PESKETT, George John, of Thornton Heath, Surrey. 


Graduates to Associate-M embers 


ABELA, Albert, B.Sc.(Civil) Natal, of Durban, South 
Africa. 

BAGNALL, John Burfitt, of Chislehurst, Kent. 

BiLuincTon, Roy, of Liverpool. 

Brviji, Shiraz Abdeali, B.E.(Civil) Poona, D.I.C., of 
Willington, near Derby. 

ELDER, Brian Charles, of London. 

GOULD, Harold, of Kampala, Uganda. 
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GOULD, Noel Brian, of Salisbury, Southern Rhodesia. 

Hicerns, Geoffrey Thomas, of Burgess Hill, Sussex. 

KEywortH, Richard Stanley, B.Sc.(Eng.) Rand, of 
Johannesburg, South Africa. 

PANESAR, Ripdaman Singh, B.Sc.(Hons.) Wales, of 
Kampala, Uganda. 

Poorer, Clifford Jerrold, of Johannesburg, South 
Africa. 

RAMARAO, Bodapati Venkata, of Jabalpur (M.P.), 
India. ; 

RovEL, George Wyndham Howard, B.Sc.(Civil Eng.) 
Natal, of Durban, South Africa. 

Rumney, Derek Peter, of Stretford, Lancashire. 

SENGUPTA, Asish, B.E. Calcutta, of Stockport, Cheshire. 

SMETHURST, Gordon James, of Bolton, Lancashire. 

TAN HANG SENG, of Ipoh, Perak, Malaya. 

TANTRY, Prabhakar Vasudev, B.Sc. 
B.E.(Civil) Poona, of Bombay, India. 

TRAVERSE, John Derek, of San Francisco, Calif., U.S.A. 

TuraBI, Dafalla Abdulla, B.Sc.(Eng.) London, of 
Liverpool. 


Bombay, 


Associate-Members to Members 

FurTADo, Leonard Joseph, B.E.(Civil) Calcutta, of 
Calcutta, India. 

HopGKINsoN, Allan, A.M.I.C.E., B.E.(Civil) Liverpool, 
M.E. Liverpool, of Virginia Water, Surrey. 

SEDDON, Albert Eric, B.Sc., M.Sc., Manchester, of 
Watford, Hertfordshire. 

WHITAKER, James Maurice, M.B.E., M.I.C.E., of 
London. 


ANNUAL GENERAL MEETING 


The Annual General Meeting of the Institution of 
Structural Engineers was held at 11, Upper Belgrave 
Street, London, S.W.1., on Thursday, May 22nd, 1958, 
at (6- p.m. - Professor sir. Alfred . Pugsleys, O.B:E.; 
DSeiEne)-FoR-S.. MLC. BeR.Ae.S., in the Chair. 

The Secretary (Major R. F. Maitland, O.B.E.), 
read the notice convening the meeting. 

The Minutes of the Annual General Meeting held 
on May 23rd, 1957, as published in The Structural 
Engineer, July, 1957, were taken as read and were 
confirmed and signed. 

Mr. G. S. McDonald (Vice-President) moved the 
adoption of the Sessional Report of the Council and 
the accounts for the financial year, 1956. 

Mr. L. E. Kent (Vice-President) seconded the motion, 
which was carried unanimously. 

Mr. B. Scruby (Member of Council) proposed the 
re-election of Messrs. James Meston and Co., Chartered 
Accountants, as Auditors for the ensuing year. Mr. 
D. A. G. Reid (Member of Council) seconded the 
motion, which was carried unanimously. 

The Secretary then read the report of the Scrutineers 
on the ballot for the election of President, the Honorary 
Officers and the Ordinary members of Council for the 
Session 1958-9, as follows :— 

To: The Council of the Institution of Structural 
Engineers. 
Gentlemen : 

We, the undersigned, report that at the request of 
the President we have duly carried out the duties of 
Scrutineers of the Ballot for the election of Honorary 
Officers and Council for the Session 1958-1959, and we 
report accordingly as follows : 

We received 1047 Ballot Papers, of which we rejected 
28 as wholly spoiled and 22 as partly spoiled. We 
have attached a separate sheet showing the number 
of votes received by each candidate. 
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We declare the result of the Ballot to be as follows :— 


Elected 
PRESIDENT—Mr. G. S. McDonald, M.1.C.E., M.I.Mun.E. 
VicE-PRESIDENTS—Mr. L. E. Kent, B.Sc.(Eng.), 


M.I.C.E., Lt.-Colonel G. W. Kirkland, M.B.E.(Mil.), 
M.L.CE. Mr. FR. Bullen; B.Se.(ene.)) MLC. EB. 
Dr, F..G,. Thomas, Ph Dap Bsc.(ing), MLC. Bs 
Mr. E. N. Underwood, B.Sc.(Eng.), M.I.C.E., Mr. 
JG. Hay, B.o¢c.{Eng.j) ALL CE, 

HONORARY TREASURER—-Mr. F. M. Bowen, M.I.C.E., 
Assoc.I.Mech.E. 

HONORARY SECRETARY—Mr. J. Singleton-Green, M.Sc., 
M.I1.C.E., A.M.I.Mech.E. 

HONORARY 
Mei GiIRe 

Honorary Epitor—Mr. H. C. Husband, B.Eng., 
M.1.C.E., M.I.Mech.E. 

HONORARY CURATOR—Mr. John Mason, B.A.(Cantab.), 
A.M.I.C.E. 

The above are all elected for one year. 

Elected as Ordinary Members of Council (London) 
Dre As Rk. Collms DSc. MB. Ml.@3E> Protesso: 
», &. Oparkes, Ph.D: M.Se., MLC E., Mrs Kenneth: 
Severn, M.C., M.A., M.I.C.E. 


The above are all elected for three years. 

Elected as Ordinary Member ae Council (Country) 
Professor W. Merchant, M.A., S.M., D.Sc., A.M.I.C.E., 
A.M.I.Mech.E. 

The above is elected for three years. 

Elected as Associate-Member of Council (London) 

Mr. D. T. Williams. 


The above is elected for three years. 
Elected as Associate-Member of Council (Country) 


Professor P. B. Morice, B.Sc.(Hons.) (Eng.), Ph.D., 
AGNIAGC.E: 


The above is elected for three years. 


Awa 


Mason, B.Sc., 


We are, Gentlemen, 
Yours faithfully, 


C. B. Brown 
Bede Connie 
R..D. McMEEKIN | 
F. E. Fow.e 


(Signed) 


Scrutineers. 


On a motion by the President, a vote of thanks was 
unanimously passed to the scrutineers. 


EXAMINATIONS—JULY, 1958 


The Examinations of the Institution will be held in 
the United Kingdom and overseas on Tuesday and 
Wednesday, July 15th and 16th, 1958 (Graduateship), 
and Thursday and Friday, July 17th and 18th, 1958 
(Associate-Membership). 


REPRESENTATION ON OUTSIDE BODIES 


The Council have appointed the following Institution 
representatives :— 

Manchester College of Science and Technology—Court 
of Governors 

Dr. D. D. Matthews. 

Union of Lancashire and Cheshire Institutes—Building 
Advisory Committee 

Mr. W. Fitton. 

City and Guilds of London College, Department of 
Technology—Advisory Committee oe Fabrication 
of Steelwork 

Mr. R. W. Schofield (vice Mr. D. A: G. Reid, resigned), 
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AWARD OF MERIT AND SCHOLARSHIP FUND 


The Council has made an award of ten guineas each 
from the Award of Merit and Scholarship Fund to the 
following candidates in recognition of the high standard. 
attained by them in the Institution’s examinations for 
the Session 1956-57 : 

Mr. F. Bell—Graduateship Examination. 

Mr. P. T. Chad—Associate-Membership Examination. 


SCESRE OS GRADUATES’ AND STUDENTS’ 
SECTION 


The following Honorary Officers and Committee 
members have been elected for the Session 1958-59 :— 
Chairman : Mr. L. W. Debenham. 

Vice-Chairman : Mr. A. S. Beeson. 
Honorary Secretary: Mr. R. M. Amodia, B.E., 21, 

Wetherby Gardens, London, S.W.5. 

Honorary Assistant Secretary (General): Mr. B. C. 

Williams. 

Honorary Assistant Secretary (Publicity): Mr. A. E. 

Witchlow. 
Honorary Treasurer: Mr. C. J. Rice. 

EXAMINATIONS 
PREPARATION FOR THE EXAMINATIONS OF THE INSTITU- 
TION BY ATTENDANCE AT TECHNICAL COLLEGES 


A Candidate for Graduateship or Associate-Member- 
ship may be able to attend a technical college ; these 
notes are intended to guide him in choosing the most 
suitable instruction. 


PREPARATION FOR THE GRADUATESHIP EXAMINATION 


Technical colleges offer : 

(a) Full-time courses for degrees or Higher National 
Diplomas in Building or Engineering. 

(b) Part-time day or evening courses for Higher 
National Certificates in Building or Engineering. 

If he obtains a Higher National Certificate or 
Diploma complying with Appendix II, Section V, of 
the Regulations Governing Admission to Membership, 
the candidate will be exempted from the Graduateship. 
Examination. 

Alternatively, he may study subjects selected from 
the available courses and sit the Graduateship Examin- 
ation. At Technical colleges courses are usually 
available in Building Science or Engineering Science, 
Strength of Materials, Theory of Structures and Survey- 
ing, but students are not normally allowed to select 
subjects from National Diploma or Certificate courses 
unless they can show evidence of sound training in 
more elementary studies. The advice of the College 
Authorites should be followed. 


PREPARATION FOR THE ASSOCIATE-MEMBERSHIP 
EXAMINATION 


At some technical colleges there are part-time 
courses in Structural Engineering which cover the 
syllabus of the Associate-Membership Examination. 
At other colleges the candidate must rely on Higher 
National Certificate courses or on advanced courses in ° 
Building, Civil Engineering or Municipal Engineering. 
These cover only part of the requirements for the 
Associate-Membership Examination. 

Colleges in List ““ A” provide at least two years of 
instruction in Theory of Structures and in Structural 
Engineering Design and Drawing up to Associate- 
Membership standard. They also give instruction in 
Structural Specifications, Quantities and Estimates. 
Lisr ae 

Bath Technical College. 

Belfast College of Technology. 
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‘Birmingham College of ieohaelogy: 

Bolton Technical College. 

Bradford Technical College 

Bridgend Technical College. 

Bristol College of Technology. 

Chesterfield College of Technology. 

Coatbridge Technical College, Lanarkshire. 

_ Derby Technical College. 

Dudley and Staffordshire Technical College. 

Glasgow Royal College of Science and Technology. 

City of Liverpool College of Building. 

L.C.C. Brixton School of Building, S.W.4.. 

L.C.C. Hammersmith College of Art and Building. 

Manchester College of Technology. 

‘Middlesbrough, Constantine Technical College. 

Nottingham and District Technical College. 

- Portsmouth College of Technology: 
Salford, Royal Technical College. 
South-East London Technical College, 
Bridge Road, S.E.26. 
Pan -West Essex Technical College, Walthamstow, 
Pet? 

- Southampton Technical’ College. 
Stafford County Technical College. 
Stockport College for Further Education. 

- Twickenham Technical College. 

Willesden Technical College, N.W.10. 

Colleges in List ““ B”’ provide instruction in Theory 
of Structures from which the student may reach 
Associate-Membership standard, but instruction in 
Structural Engineering Design and Drawing and in 
Structural Specifications, Quantities and Estimates is 
not usually so complete. 

Agere BB? 

Brighton Technical College. 

Cardiff Technical College. 

Edinburgh, Heriot-Watt College. 

Huddersfield Technical College. 

Leeds College of Technology. 

London, Battersea Polytechnic, S.W.11. 

London, Northampton College of Advanced Tech- 

nology, E.C.1. 

L.C.C. Westminster Technical College, 5.W.1. 

Newcastle upon Tyne, Rutherford College of Tech- 

nology. 

Plymouth and Devonport Technical College. 

Preston, Harris Institute. 

Rotherham College of Technology. 

Wigan Mining and Technical College. 

Woolwich Polytechnic, S.E.18. 

‘West Ham College of Technology. 

' Students are advised to take the organised courses in 
Structural Engineering where these are available. 


‘Worsley 


BRANCH NOTICES 
LANCASHIRE AND CHESHIRE BRANCH 
The following Honorary Officers and Committee 
members have been elected for the Session 1958-59 :— 


Chairman: Dr. D. D. Matthews. 

' Vice-Chairman : Mr. T. C. Waters. 

Immediate Past Chairman : Mr. W. Fitton. 

Honorary Secretaries: Mr. L. Robinson, 314, 
Northenden Road, Sale, Manchester; Mr. M. D. 
Woods, 8, Dennison Road, Cheadle Hulme, Cheshire. 

Honorary Auditors : Messrs. K. Norrey and G. S. Jones. 

Committee: Messrs. W. Bates, H. J. Dowling, K. 
Norrey, F. C. Brookhouse, R. Gray, W. D. Blades, 
J. E. Guest, J. B. Storey, A. G. McNamara, }: e 
Ashton, Professor W. Merchant, Professor J. A 
Matheson. 


Co-opted Member: Mr. A. S. Sinclair. 
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MIDLAND COUNTIES BRANCH 


Hon. Secretary: J. R. Chaffer, M.1:Struct:E., OT. 
Jockey Road, Sutton Coldfield, Warwickshire. 


GRADUATES’ AND STUDENTS’ SECTION 


Hon. Secretary: F. A. Butterworth, “ Roscrea,” 
Tansey Green, Pensnett, Brierley Hill, Staffs. 


NORTHERN COUNTIES BRANCH 


The following Honorary Officers and Committee 
members have been elected for the Session 1958-59 :— 
Chairman : Mr. D. W. Portus. 

Vice-Chairman : Mr. W. R. Garrett. ~ 

Immediate Past Chairman: Mr. D. M. Oierety 
©. BE: 

Branch Honorary: Secretary : Mr. H. W. Dowé! 2 2, The 
Crescent, Saltburn-by-the-Sea, Yorks. 

Honorary Secretary (Tyne Centre) : Mr. J. Whitten. 

Branch Honorary Treasurer : Mr. L. Dobson. 

Tees Centre Committee : Messrs. A. V. Buttress, W. G 
Gentry, O. Lithgow, F. S. Wilson, J. G. Henderson, 
R. Husband. 

Tyne Centre Committee: Messrs. W. H. G. Durose, 
FE. A. Parsons, L. Hodgens, A. Bone. 


NORTHERN IRELAND BRANCH 
Hope oucrerarye.s oA. oH,  K, Roberts. BA. B.A I.: 


Mobstruict. Eo MLC ET AML. bee Barbizon,” 
26, Dunlambert Park, Belfast. 
SCOTTISH BRANCH 
Home, secretary 2 ne Was G. < Cantlay,,. B.Sc: (Eng.), 


A.M.J.Struct.E., A.M.I.C.E., 3, Blairbeth Terrace, 
Burnside, Glasgow. 


SOUTH WESTERN COUNTIES BRANCH 


The following Honorary Officers and Committee 
members have been elected for the Session 1958-59 :— 
Chaiyman : Mr. E. W. Howells. 

Vice-Chairman: Mr. A. N. Perkins. 
Honorary Auditors: Messrs. F. W. Potter and F. J. 

Powell, M.B.E. 
Honorary Treasurer: Mr. P. L. Harvey. 

Honorary Secretary: Mr. C. J. Woodrow, J.P., 


“ Elstow,’’ Hartley Park Villas, Mannamead, Ply- 
mouth, Devon. 
Committee : Messrs. E. G. Cove, J. D. Norfolk, F. W. 


Potter, F. J. Powell, H. J. Scoles (Past Chairman), 
W. C. Tyler, L. F. Vanstone (Past Chairman). 


WALES AND MONMOUTHSHIRE BRANCH 


Hom. >Secretaryot Ke eh Stewart, A.M.I.Struct.E., 
A.M.I.C.E., 15, Glanmor,,Road, Swansea. 


WESTERN COUNTIES BRANCH 
Hon. Secretary: E. Hughes, M.I.Struct.E., 23, Southdown 
Road, Westbury-on-Trym, Bristol, 9. 
YORKSHIRE BRANCH 4 
Hon. Secretary: W. B. Stock, A.M.I.Struct.E., 34, 
Hobart Road, Dewsbury, Yorks. 


UNION OF SOUTH AFRICA BRANCH 
Hon. Secretary: A. E. Tait, B.Sc.,,A.M.1.Struct.E., 
A.M.I.C.E., P.O. Box 3306, Johannesburg, South 
Africa. 
During weekdays Mr. Tait can be contacted in the 
City Engineer’s Department, Town Hall, dphapnesbitte, 
Phone 34-1111, Ext. 257. - 
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Natal Section Hon. Secretary: J. C. Panton, 
A.M.1.Struct.E., A.M.LC.E., c/o Dorman Long 
(Africa) Ltd., P.O. Box 932, Durban. 

Cape Section Hon. Secretary: R. F. Norris, 
A.M.1.Struct.E., African Guarantee Building, 8, St. 
George’s Street, Cape Town. 


EAST AFRICAN SECTION 


Chairman: R. A. Sutcliffe, M.I.Struct.E. 
Hon. Secretary: K. C. Davey, A.M.I.Struct.E., P.O. 
Box 30079, Nairobi, Kenya. 


SINGAPORE AND FEDERATION OF MALAYA SECTION 


Chairman : T. Karmakar, M.1.Struct.E., ss 

Hon. Secretary : W.N. Cursiter, B.Sc., A.M.I.Struct.E., 
c/o Redpath Brown and Co. Ltd., P.O. Box 648, 
Singapore. 


FART COPYING DECLARATION 


The Institution of Structural Engineers, in common 
with other scientific and learned societies, subscribes 
to the Royal Society’s Fair Copying Declaration, which 
reads as follows : 


For some time scientists have discussed the problems, 
created by the Copyright Act, which arise when they 
wish to obtain reproductions of excerpts from scientific 
and technical periodical publications. In the normal 
course of their work, scientists occasionally require for 
frequent reference, copies of particular papers appearing 
in scientific periodicals which are not readily available 
to them. It is assumed that they take all reasonable 
steps to secure the original journals or separates of 
papers they require, either from the author or the 
publisher, but it is recognised that many requirements 
cannot be met from these sources. We have, there- 
fore, agreed ‘to make the following declaration to 
ensure that scientists have no undue difficulties in 
obtaining copies from libraries and other organisations 
supplying information. This declaration does not 
apply to books and other non-periodic or non-serial 
publications. 


We will regard it as fair dealing for the purpose of 
private study or research when a non-profit making 
organization, such as a library, archives office, museum 
or information service, owning or handling scientific 
or technical periodicals published by us makes and 
delivers a single reproduction of a part of an issue 
thereof to a person or his agent representing in writing 
that he desires such reproduction in lieu of a loan or 
manual transcription and that he requires it solely 
for the purpose of private study, research, criticism or 
review, and that he undertakes not to sell or reproduce 
for publication the copy supplied, provided : 


1. The recipient of the copy is given notice that he is 
liable for infringement of copyright by misuse of 
the copy, and that it is illegal to use the copy for 
any further reproduction. 

2. The organization making and furnishing the copy 
does so without profit to itself. ' 


3. Proper acknowledgment is given to the publication 
from which the copy is made. 

4. Not more than one copy of any one excerpt shall 
be furnished to any one person. 


The exemption from liability of the library, archives 
office, museum or information service hereon provided 
shall extend to every officer, agent or employee of such 
organization in the making and delivery of such repro- 
duction when acting within the scope of his authority 
of employment. This exemption for the organisation 
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itself carries with it responsibility to see that employees. 
caution those receiving copies against the misuse of 
material reproduced. 

We reserve the right to take action against any 
person or organization copying or misusing for any 
purpose whatever the whole or part of a work published 
by us without abiding by the conditions laid down 
herein unless the person or organization has our 
special permission in respect of the item to be copied. 
We reserve the right to withdraw this declaration. 


ADDITIONS TO THE LIBRARY 


ABBETT, R. W. (Editor). American Civil Engin- 
eering Practice, Vol. II]. New York and London, 
1957. (Reference Library). 

AKroypb, T. N. W. Laboratory Testing in Sotl Mech- 
antics. London, 1957. 

American Society of Civil Engineers Transactions, Vol. 
122, 1957, New York, 1957. 

AROUTIOUNIAN, N. Kh. Applications de la Théorie du 
Fluage. Paris 1957. Presented by Mr. P. J. Gerard. 

Brown, J. Guthrie. (Editor). Hydro-Electric Engin- 
eering Practice, Vols. I, II, and III, London, 1958. 
(Reference Library). 

CEMENT AND CONCRETE ASSOCIATION TECHNICAL 
REPORTS : 


TRA/280. The Coefficient of Linear Expansion 
of High-Tensile Steel Prestressing Wure, by 
PURGjames. 

TRA/282. A Crack and Condition Survey of 6 in. 
Unreinforced Concrete Roads in Housing Estates 
in the Borough of Worthing, by R. I. T. Williams. 

TRA/283. A Comparison of the Compressive and 
Flexural Strengths of Concrete with and without 
Entrained Air, by B. W. Shacklock and P. W. 
Keene. 

TRA/286. The Analysis of Linear Pin-jointed 
Frames on “Pegasus,” by PP. B: Morice: 
Library Translation No. 65. Effect of Far- 
Advanced Compressive Strains of Concrete in 
Reinforced Concrete Beams Submitted to Bending 
Moments, by Sven Sahlin. 

Library Abstract No. 7. 
Berlin, by R. Schwedler. 


GARTNER, R.  Statically-Indeterminate Structures. 3rd. 
Edition. London, 1957. 

GayLorp,, E. H: and -GAYrorkpw CG.) N. (Desteneop. 
Steel Structures. New York and London, 1957. 
Presented by Mr. W. W. Barker. 

Horr, N. J. The Analysis of Structures. New York 
and London, 1956. Presented by Mr. E. D. Ramage. 

LIvEsSLEY, R. K. An Introduction to Automatic 
Digital Computers. Cambridge, 1957. 

RossNAGEL, W. E. Handbook of Rigging in Con- 
struction and Industrial Operations, 2nd Edition. 
New York and London, 1957. 

Scott, W. L., GLANVILLE, W. H. and TuHomas, F. G. 
Explanatory Handbook on the B. S. Code of Practice 
for Reinforced Concrete, No. 114, 1957. London, 
1957. Presented by Col. J. C. P. Tosh. 

Smithsonian Institution Annual Report of the Board of 
Regents for Year ended June 30, 1956. Washington, 
1957. 

SYNGE, J. L. The Hvpercircle in Mathematical 
Physics. Cambridge, 1957. Presented by Pro- 
fessor F. A. Gerard. 

Wane, C. K. and Ecxet, C. L. Elementary Theory 
of Structures. New York and London, 1957. Pre- 
sented by Mr. P. M. Grindrod. 

Younc, J. McHardy. Reinforced Concrete, 3rd Edition. 
London, 1957. ; 
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Extra Tentor siz 


These two new larger bar sizes mean that the 
Tentor range is now extended to cover the demands of nearly 


all concrete reinforcement jobs. 

Consider the maximum tensile stress for Tentor Bars, 

now 30,000 lbs. (CP.114, 1957). That gives a 

saving of 15 °%/ of the cost of mild steel rounds. And the maximum 
compressive stress, now 23,000 Ibs./sq.in., gives a cost 

for Tentor still generally less than that for mild steel bars. 
Deliveries are made to suit contract programmes cut to length or 
bent to schedules. 

Stock service is available from London, Birmingham, 
Wigan and Sheffield. 


TENTOR Regd. Trade Mark 


Supphers 


B.R.C. STEEL LTD., 

Silkmore Lane, Stafford. 

Stafford 444, and Branch Offices. 

G.K.N. REINFORCEMENTS LTD., 

43 Upper Grosvenor Street, London W.|. 
GRO 8101, and Branch Offices. 

McCALL & CO. (SHEFFIELD) LTD., 
P.O. Box 41, Sheffield. 

Rotherham 2076, and Branch Offices. 
STEEL, PEECH & TOZER LTD., 
Branch of the United Steel Companies Ltd., 
The Ickles, Sheffield. 

Sheffield 41011, and Branch Offices. 


ompany Limited 
G svenor St., London, W.1. GRO 1216 
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Combined Chimney and 
Water Tower at Ilford. 
Architects : R. Duncan 
Scott & Partners. 


concrete 
achievement 


To design and produce a satisfactory structure... 
to complete it on time and economically, 
even where conditions are severe... 
o es is always the aim of Tileman 
eee both at home and overseas. 


Reinforced Concrete Power Station Chimneys, the first in this country, 
built by Tileman at Dunston ‘B’ in 1932 and still sound throughout. 


Silo with monolithic stairway 
at West Thurrock. 


TILEMA 


and Company Limited 


Romney House, Tufton Street, London, S.W.1. 
Telephone: ABBey 1551 


Factory in Buckinghamshire. 


TIL 10309 


Specialists in the design and construction of reinforced concrete for Power and Industry 
s 
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Radio telescope at Jodrell Bank built by United Steel Structural Company 


Bowl diameter—250 ft. 
Height of towers—x180 ft. 


Weighe of structural steelwork—z,800 tons 


Consulting engineers: Husband & Company 


UNITED STEEL STRUCTURAL COMPANY LIMITED 


SCUNTHORPE * LINCOLNSHIRE 


36 The Structural Engineer 


PRECAST CONCRETE FRAMEWORK 
FOR MULTI-STOREY STRUCTURES 


A recently completed multi-storey building at 14/36 Luke Street, E.C.2. 
Consulting Engineers: Chamberlain & Partner. Contractors: Gee, Walker & Slater Ltd. 


STENT PRECAST CONCRETE LTD. Supplied the 
PRECAST R.C. FRAME (erected in 10 weeks) * ARROW FLOOR AND ROOF BEAMS 
EXPOSED AGGREGATE CLADDING SLABS AND CAST STONE 


Enquiries are invited for all Structural PRECAST CONCRETE UNITS, Ete.. 


The Company has available Standard Single Storey R.C. FRAMES FOR INDUSTRIAL PURPOSES 
including NORTH LIGHT FRAME ——_——— 


STENT PRECAST CONCRETE LIMITED 


Head Office & Works: DAGENHAM DOCK, ESSEX. Telephone: DOMinion 0971 


i 
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Doncaster Power Station completed 
for the Central Electricity Authority 
Architects: Messrs. Farmer & Dark 
Consulting Engineers : Messrs. 
Ewbank & Partners, Ltd. 
, ; "1 
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‘“Butakon’ Plant at Wilton Works 
for Messrs. I.C.I. Ltd., fabricated 
and erected to the order of 
Messrs. E. B. Badger & Co. Ltd. 


If the building is in contemplation 

and the construction is in steel 

Wright Anderson are the people to 

carry the project through to completion. 
Called in at the drawing stage 

their facilities and wide experience will avoid 
many problems and provide the ideal 
answer to those which are inherent. Our Reo. tay Sameer 


consultants are at your service—please Fy iiy eng Sabaos et BAG RIE 


A es : Architects: Messrs. Farmer 
call them in any time you wish. & Dark 


WRIGHT ANDERSON & CO. LTD. 


CONSTRUCTIONAL ENGINEERS AND BRIDGE BUILDERS 


Baie 


G.P.0. BOX 2, GATESHEAD, CO. DURHAM 


Tel. Gateshead 72246 (3 lines). Grams: ‘‘ CONSTRUCT Gateshead ”’ 
London Office: Regent House, Kingsway, W.C.2. Tel. HOLborn 9811 


‘ONTRACTORS TO H.M. GOVERNMENT, CENTRAL ELECTRICITY AUTHORITY, NATIONAL COAL BOARD, ATOMIC ENERGY AUTHORITY AND CROWN 
AGENTS FOR OVERSEAS GOVERNMENTS AND ADMINISTRATIONS P45 


38 The Structural Engineer 


FACTORIES 
SeHatield 


UNDER DIRECT CONTRACT WITH THE MINISTRY OF 
WORKS ALEX. FINDLAY & CO, LTD. MOTHERWELL. 
HAVE SUPPLIED, DELIVERED AND ERECTED OVER 


16,000 TONS OF 
STEELWORK 


TO BUILD THE PLANT AT WINDSCALE 

WORKS, SELLAFIELD FOR UNITED 

KINGDOM ATOMIC ENERGY 
AUTHORITY. 

Authority) 


A MOTHERWELL - SCOTLAND 
Bal 3 £ é A Phone Motherwell 2301 (6 lines) 


STR BHCTWUTORAL ENGINEERS Member of the Nuclear Power Plant Co. Ltd. 


One of the Pile Buildings 
with Blower Houses under 
construction at Windscale 
Works, Sellafield 


(By kind permission of United 
Kingdom Atomic Energy © 


SONDON OFFICE: HIGH HOLBORN HOUSE, 52/54 HIGH HOLBORN W.C.1 TELEPHONE HOLBORN 7330-5083 i 
A 


Horizontal Table Type. 


32/38 Angular Type * Hydtiteed’ 


S. RUSSELL & SONS LTD, LEICESTER, ENGLAND 


BACKED BY OVER 40 YEARS SPECIALISED EXPERIENCE 


2 ‘ SR 581 


Nothing in building design and construction is really 


plain sailing, but architects who place their flooring problems 
with Siegwart often get quite near to that trouble-free state. 
Our technical advice is given freely as part of a service 


to building of which we are proud. 


SIEGWART 


PRECAST FLOORS AND ROOFS 


SIEGWART FLOOR COMPANY LIMITED 


Gable House, Rickmansworth, Herts. Rickmansworth 2268 
Berkeley House, Hagley Road, Birmingham, 16 


Carlton House, Blythswood Square, Glasgow, C.2 ond at Manchester and Leicester 
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o — TOWN 
RADIAL DRILLING 
MACHINES 


Sturdy, modern design, conveniently placed 
controls and maximum rates of production on 
the widest range of components—a few of the 
reasons why they are used all over the 


world. 


Illustrated: All electric centralised control radial 
drilling, boring and tapping machine. Capacity 2} in. 
dia. in steel. 

Write for leaflets on the complete TOWN range of machines. 


Tes Fhe DE Rick LOWN 
& SONS LTD | 


HALIFAX - YORKS 


Makers of high class Drilling Machines 


for 55 years - 
T/S 


YORKSHIRE 


HENNEBIQUE 


Contracting Co. Ltd. 


ESTABLISHED 1904 


CIVIL ENGINEERING 
CONTRACTORS 


HEAD OFFICE: 
HENNEBIQUE HOUSE 
The Mount - York 
Telephone: YORK 54656 (4 lines) 


Branch Offices: 


Hui: 80 WINCOMLEE. Telephone: Hull 33501. 
LEEDS: Royps Works, LowEr Wort Ey, LEEDs 12. 
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associated with nuclear power. 
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BROOM & WADE LTD., P.O. BOX NO. 7, HIGH WYCOMBE, ENGLAND. Telephone: High Wycombe 1630 (10 lines) Telegrams “Broom’’, High Wycombe, Telex. 
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WINTER & WORSFOLD, LID. 


respectfully offer you a Design Service to 
plan and execute the typography and design of 
Books Advertising matter and 


Commercial Printing 


Winter & Worsiold, Ltd., East Down Works, 29 Dermody Rd., Lewisham, S.E.13 
Telephone: Lee Green 3488 


BUCKLERSBURY HOUSE STANDS ON 
ss me oe 3,500 BORED PILES 


of Mithras was | This important Office Building in the City 
pes he of London, I7 storeys high including the base- 
ment floors, is supported on Cementation 
Bored Piles. Approximately 3,500 were 
constructed well within the contract time 
despite the fact that delays were unavoidably 
occasioned by the deliberations on the fate of 
the Mithras Temple discovered on the site 
and other major difficulties inevitable on such 
a large site. 

The construction of a surrounding wall 
to retain the adjoining Queen Victoria Street, 
Cannon Street and Bucklersbury was greatly 
facilitated by the use of our bored piles. 

The close proximity of important buildings 
including the Mansion House and services 
such as the Underground Railway made it 
necessary to reduce noise, vibration etc., to 
an absolute minimum. 


HEAD OFFICE: 20, ALBERT EMBANKMENT, LONDON, S.E.II. Tel: RELiance 7654 
WORKS & OFFICES: BENTLEY WORKS, DONGAS TEx “) Tels 54175 5 4ieae 
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FLOW BOOM EQUIPMENT 


loads and unloads Tankers from 2,000 to 100,000 tons capacity 


and allows for manifold rise and fall of 75ft. 


Woodfield Flow Boom Equipment features these vital 
advantages:— 


* 


* 


Slewing arcs in excess of 120° allow wide tolerances in 
tanker spotting and drift. 

With this equipment tanker manifold heights may vary 
by 75 ft.: subject to sizes of tankers handled and local tide 
conditions. 


Boomhead Swivel, exclusive Woodfield development 
ensures minimum restraint and maximum life of hoses. 


Standard Boom lengths 30 ft. and 4o ft. 


Diagram showing luffing motion of Flow Boom. 
This system can be designed to accommodate 
tankers ranging from 2,000 to 100,000 tons, 
and to suit local berthing conditions anywhere 
in the world. 


Diagram illustrating manner in which free 
slewing of Flow Boom permits safe tanker drift. 


King Posts: Exclusive Woodfield feature, including 


Woodfield Joints. 

Use of flexible hose kept to minimum. 

Boom sizes: 8”, 10”, 12” and 16” nominal bore. 

Structure: Designed individually to meet site require- 
ments. 

Control: Pneumatic, Hydraulic or electric operation 
reduces operator technique to minimum. Dual push- 


button control at upper deck and jetty level requires 
minimum supervision and effort. 


WOODFIELD ROCHESTER LTD. 


FRINDSBURY WORKS 
Phone: STROOD 78421 
London Office: 


ROCHESTER - KENT 


Grams: Woodfield Telex, Rochester. 
147 Victoria Street S.W.| 
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COMPLETE 
SITE INVESTIGATION 


Field Tests . Soil Sampling and Analysis 


The service provided jointly by Pre-Piling 
Surveys and Duke & Ockenden covers 
the whole field of site investigation and 
ground testing. 


The unique Pre-Piling deep penetration 
tests yield a continuous record of the 
variations in bearing value and character 
of strata. All cavities and pockets are 
exactly located. 


Duke & Ockenden are specialists in boring 
for all purposes, soil sampling for labora- 
tory analysis and the provision of full 
geological reports. Their DANDO cable 
percussion and rotary drilling equipment 
is well known in all parts of the world. 
We areconfident that architects, engineers 
and surveyors will find in this co-operative 
service an unequalled source of systematic, 
exhaustive survey, accurate data, adapta- 
bility and economy. 


_ PRE-PILING SURVEYS 


Tel. ABBey 4925 


oY || et 


MU/ 
SURVEYS 


>) DUKE & OCKENDEN | 


Tel. ABBey 6338 


28 VICTORIA STREET, 
WESTMINSTER, S.W.1 


Works: Ferry Wharf, Littlehampton. Tel.; Littlehampton 6 


Contractors to the Admiralty, War Office, Air Ministry, 
Crown Agents, British Railways, Public Works 
Authorities 
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OFFICIAL APPOINTMENTS 


SENIOR ENGINEERING ASSISTANT 


required in the Bridge Section of the 
CHIEF CIVIL ENGINEER’S OFFICE 


British Railways, London Midland Region, Euston Station. 
Applicants should have experience in the design, detail and 
preparation of contract quantities for all types of bridges and 
should have ability to supervise staff. 


Salary range £1,015/1,120 per annum. Five day week. Resi- 
dential travel and other favourable travelling concessions avail- 
able. Superannuation Scheme. 


Applications should be addressed to the Chief Civil Engineer 
(Ref. 64), British Railways, London Midland Region, 5a, Euston 
Grove, London, N.W.1. 


BUCKS County Council. Applications are invited for the 
appointment of a qualified Structural Engineer in the County 
Architect’s Department on A.P.T. V £1,175 x £50(3) - £1,325 p.a. 
commencing salary according to qualifications and experience. 
A weekly allowance of 25s. 0d. and return fare home once every 
two months may be paid for six months to newly appointed 
married officers of the Council unable to find accommodation.— 
Applications, on forms provided, must be returned by 14th 
July, 1958. F. B. Pooley, County Architect, County Offices, 
Aylesbury. 


AIR Ministry Works Design Branch requires in London, Struc- 
tural Engineering Designer/Draughtsmen for reinforced concrete 
or structural steel work with sound technical training and 
several years varied experience in design/detailing of (a) Rein- 
forced concrete construction for all types of buildings or (b) 
Steel framed sheds, warehouses and similar buildings. Salaries 
up to £1,015 p.a. Starting pay dependent on age, qualifications 
and experience. Long term possibilities with pensionable and 
promotion prospects. Five day week, 3 weeks 3 days leave a 
year. Normally natural born British subjects—Write stating 
age, qualifications, employment details including type of work 
done to any Employment Exchange quoting Order No. Borough 
101. 


CLASSIFIED ADVERTISEMENTS 


From January, 1958, the rate per word will be 
increased from 8d to 1/— 


2 in. Semi DispLay £6 Os. Od. 
RATES 8 in. a £8 10s. Od. 
4 in. ss £11 Os. Od. 


SITUATIONS VACANT 


AN expanding firm of Constructional Floor Specialists and 
Ferro Concrete Engineers have the following vacancies ; Senior 
Designing Engineers, Salary Scale £1,000 to £1,250 per annum. 
Reinforced Concrete Detailers, Salary Scale £750 to £900 per 
annum. Sales Representative, for the London Area, must 
have definite connections with Architects and Surveyors, for 
the Design of Ferro Concrete work together with the supply 
of Mild Steel Reinforcement. Sales Representative, for the 
Lancashire and Yorkshire Area, on expenses and commission 
basis, or for the right person on a salary and expenses basis. 
The Company operate a five-day week and Pension Scheme with 
Luncheon Vouchers. Ample scope for promotion within a reason- 
able period of time. Holiday arrangements honoured.—Reply 
to Box No. 0881, STRUCTURAL ENGINEER, 48a, Streatham Hill, 
S.W.2. 


BUILDER requires occasional advice, (possibly spare time) from 
experienced Structural Engineer regarding dimensions of piers, 
floors, trusses, lintels etc., on small double storey factories and 
offices. London—Stevenage area but site inspection not 
needed.—Box No. 0889, STRUCTURAL ENGINEER, 43a, Streatham 
Hill, S.W.2. 
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CLASSIFIED ADVERTISEMENTS—continued 


CONSULTING Engineers require qualified assistants. Senior men 
should be at least A.M.I.C.E. or A.M.I.Struct.E., with main 
experience in R.C. work, but versatile and able to design other 
materials and capable of handling the structure for large, and 
sometimes unusual buildings. Junior applicants must have 
potential capacity to develop to senior positions.—Write stating 
briefly qualifications and experience to Jenkins & Potter, 66, 
Victoria Street, London, S.W.1. 


CONSULTING Engineers require R.C. detailers for varied and 

interesting structures. High salaries will be paid to experienced 

men. Five day week; good conditions.—Applications in 

strict confidence stating full details of experience and salary 

pet aa to Alan Marshall & Partners, 73/74, High Holborn, 
Gli. 


CONSULTING Engineers require Senior Designer and Detailing 
Draughtsmen. Applicants must be fully experienced in R.C. 
multi-storey framed construction. Good salaries and excellent 
prospects.—J. H. Coombs & Partners, Thames Corner, Sunbury- 
on-Thames, Middlesex. 


DESIGNER/Detailers experienced in reinforced concrete work 
required by firm of Consultants dealing with a variety of struc- 
tural work. Five day week and luncheon vouchers. Salary 
£600 to £900 depending on qualifications and experience. Apply 
in writing to Andrews, Kent & Stone, 60, Wardour Street, W.1. 


DESIGNER required by Leading Firm of Steel Fabricators in 
South East Lancs. Age 24-28 preferably A.M.I.Struct.E. 
Previous experience in competitive design field essential. Excel- 
lent salary for right man. Pension & Insurance Scheme.—Box 
No. 0890, stRUCTURAL ENGINEER, 43a, Streatham Hill, S.W.2. 


DRAUGHTSMEN. Senior and Junior detailing draughtsmen 
required by firm of Constructional Steelwork and Roofing 
Engineers engaged on rapidly increasing home and overseas 
contracts. Excellent opportunities and salaries for successful 
candidates.—Application, stating age and experience, treated 
in strictest confidence to R. O. Wright & Co. Ltd., Lower Works, 
Banbury, Oxon. 


MANUFACTURERS of Pre-cast reinforced and pre-stressed 
concrete require qualified Engineer with specialist design 
experience in this class of work. The position involves direct 
responsibility to the Director in charge at Rye, Sussex, Mr. J. 
Evans, B.Sc., M.I.C.E., and the post offers excellent opportunities 
on the design, estimating, manufacture and outside erection.— 
Applications in the first case stating experience and salary 
required to be addressed to the Personnel Manager, Mears Bros. 
(Contractors) Ltd., 154/8, Sydenham, Road, London, S.E.26. 


R.C. Detailer required for London Professional Office. Some 
design knowledge an advantage but not essential. The work 
will be varied and offers scope for initiative and will appeal 
to men wishing to extend their experience. Five day week. 
Please apply giving full details and salary required to Farmer 
& Dark, Romney House, Tufton Street, S.W.1. 


REINFORCED Concrete Detailers and Designer, Detailers 
required for varied and interesting work. Five day week. 
Luncheon vouchers. Write giving experience C. J. Pell & 
Partners, 4, Manchester Square, W.1. 


REINFORCED Concrete Designers and Detailers with sound 
knowledge of framed structures are required for some interesting 
projects. The conditions are good and progress is assured for 
sound men who are able to accept responsibility.—Apply for an 
interview to E. J. Cook & Co. (Engineers) Limited, 54, South 
Side, London, S.W.4. 


REINFORCED Concrete Designer-Detailer with experience 
required in the drawing office of Precast Concrete Specialists in 
the Guildford area, to assist in the design and development of 
precast concrete structures. Good salary offered. Pension 
Scheme. Canteen facilities available. Holiday arrangement 
honoured.—Apply, giving essential particulars to the Chief 
Concrete Engineer, Marley Concrete Ltd., Peasmarsh, Guildford. 


REINFORCED concrete designers and detailers required in 
South London consulting engineers’ office. Telephone MACaulay 
6477. 


STRUCTURAL Steelwork Designer required by Constructional 
Engineers. Must be fully conversant with L.C.C. and B.S.S. 
requirements. Pension Scheme. Write stating age, experience, 
and salary required. Moreland, Hayne & Co. Ltd., 80, Goswell 
Road, London, E.C.1. 


CONCREST STRUCTURAL DESIGN LTD., 
announce that they have extended their 
services to cover 


THE VITAL LINK BETWEEN THE 
DRAWING OFFICE AND THE 
ELECTRONIC COMPUTER 


Highly qualified mathematicians and engineers 
have developed programmes for the following : 


* Highly redundant structures (such as 
tall building frames, Vierendeel 
girders, etc.), and influence lines for 
bridges, 

* Singly-curved shells: Solving the 
partial differential equation of the 
eighth order, 


* Various forms of doubly-curved shells. 


The above is a major development in engineer- 
ing technique and we feel confident that our 
new service will prove helpful and economical 
to firms large and small. 


CONCREST STRUCTURAL DESIGN LTD., 


42, Emperor’s Gate, London, S.W.7 
Telephone : FREmantle 3311 


ELIMINATE RUST 
and MILL SCALE 


HIGHER COSTS 
call for 
BETTER & MORE 
LASTING FINISHES 


Let us quote you for 


SHOT BLASTING 


prior to priming 


or preferably— 


SHOT 
BLASTING & 
METAL 


= \ SPRAYING 


SHOT BLASTING 


& METAL SPRAYING CO. LTD. 


SILWOOD ST., BERMONDSEY, LONDON, S.E.16. 
Tel: BERMONDSEY, 1131 


45 


46 


George Cooper & Sons 


PROPRIETORS THOS W. WARD LTD 
EFFINGHAM NUT & BOLT WORKS 


SHEFFIELD 


Phone: 41026 Grams: 


‘COOPER’ 
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CLASSIFIED ADVERTISEMENTS—continued 


STRUCTURAL Designers, Senior and Junior, required for busy 
London office handling wide variety building schemes. Con- 
siderable scope for advancement available to men of initiative. 
Consideration given to holiday arrangements.—Box No. 0886, 
STRUCTURAL ENGINEER, 43a Streatham Hill, S.W.2. 


STRUCTURAL Engineers, Reinforced Concrete Designers and 
Detailers with at least three years drawing office experience who 
wish to work on interesting projects should write giving full 
details of their experience and qualifications to Ove Arup & 
Partners, 8, Fitzroy Street, London, W.1. 


STRUCTURAL Engineer wanted to fill vacancy as Chief Designer 
of expanding timber engineering division of large woodworking 
company. To take charge of large scale development projects, 
laminated, stressed skin, and other forms of timber construction. 

—Apply, with full details of age, training and experience, to 
Managing Director, Kingston (Architectural Craftsmen) Limited, 
Clough Road, Hull. 


The Structural Engineer 


FOR SALE 


BENNIE Folding Machine for sale, 12 ft. x $in. Motor driven 
Swing Beam Universal Folding, Rounding and Box Forming 
Type. Maximum lift of top beam 183in. Adjustment to bed 
and folding beam 8 in., Smallest trunk formed over bed 18 in. x 
18in. Largest tube formed 16in. diameter. Gearbox drive 
with lever control to reversing friction clutches, operating all 
beams. Safety slipping clutch between gearbox and main 
drive shaft. Weight about 14 tons.—Full details, illustrations, 
etc. from F.-J. Edwards Limited, 359, Euston Road, London, 
Euston 4681 or 41, Water Street, Birmingham 3, Central 7606. 


MORRIS Mobile Cranes (24 tons) for sale. Petrol-electric. 
24 h.p. Morris MEZ/2 engines. Safe working load 5 ft. 6 in. 
radius, 24 tons; 12 ft. 3in. radius, 1} tons. Overall length of 
jib 16 ft. Maximum height of lift 18 ft. Weight 6 tons each. 
Photo etc. from F. J. Edwards Limited, 359, Euston Road, 
London, N.W.1. Euston 4681 or 41, Water Street, Birmingham 
3, Central 7606. 


NEW Bar Benders for immediate delivery. Besco No. 2 size for 
hand lever operation. Capacity cold bars up to 4in. x + in; 
Zin. diameter; #in. squares; notches angles 4in. x — ; hot 
bars up to4 in. x §in.; orequivalent. Special blocks available. 
Fully illustrated leaflets and price from F. J. Edwards Limited, 
359, Euston Road, London, N.W.1. Euston 4681 or 41, Water 
Street, Birmingham 3, Central 7606. 


RHODES Press Brake (18 ft. x 41in.) forsale. 150 tons capacity 
(or 10 ft. x # in.) Motorised 400/3/50. Friction clutch. Motor 
adjustment to ram. 90° forming tool 10 ft. 2in. long, and 
bottom die with 1} in. and 14in. openings. Bed and top beam 
solid steel, 18 ft. lin. long. Between uprights 10 ft. 2 in. 
Stroke 5 in. Die space 12in. Weight about 20° tons.—F.: J. 
Edwards Limited, 359, Euston Road, London, N.W.1. or 41, 
Water Street, Birmingham 3. 


PARTNERSHIP 


QUANTITY Surveyor, keen student structures, desires to co- 
operate with Engineer in cost research, etc.—Box No. 0891, 
STRUCTURAL ENGINEER, 43a, Streatham Hill, S.W.2. 


TUITION 


GUARANTEED Coaching for Inst.. Struct. Engrs., Inst. Civ. 
Engrs., Inst. Mun. Engrs.. etc. Study at home under highly 
qualified tutors with most successful school. Also courses in all 
aspects of Building, Engineering, Draughtsmanship, etc.—Write 
for Free book—International Correspondence Schools, 71, Kings- 
way (Dept. CL.23), London, W.C.2 


FOR HIRE 


LATTICE Steel Erection Masts (light and heavy), 30 ft. to 
150 ft. high for immediate hire.—Bellman’s, 21, Hobart House, 
Grosvenor Place, S.W.1. (’Phone : SLOane 5259.) 


20 TON Lorry Mounted Crane. 30ft.-80ft. boom with 15ft. 
fly jib available for short or long term hire any area. Arup 
& Arup Ltd., Colquhoun House, Broadwick Street, W.1. Ger- 
rard 2708 or 2653. 
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